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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the threshold current 
density of a short wavelength semiconductor laser by 
constituting the thickness of an active layer with the single 
gain layer to be larger than a specified thickness, and an 
optical guide layer installed between the active layer and a clad 

layer. . . 

SOLUTION: A clad layer 2 is formed on a substrate 1. An _ 

active layer 4 is formed of a single gain layer, whose thickness * 

— 2 



~1 



scattering of impurities is reduced and the mobility of holes is 
improved by setting the active layer 4 to be an undoped layer. 
A clad layer 6 is stacked and formed on the active layer 4 
through a light guide layer 5. Thus, the threshold current 
density of a short wavelength semiconductor laser can be 



is not less than 3 nm on the clad layer 2 through an optical 
guide layer 3. Namely, a single-well layer is formed when 
quantum well structure is formed, and the single active layer is 
formed, when structure is not formed. Consequently, the 



http://www1 9.ipdl jpo.go.jp/PA1 /result/detail/main/wAAAijaizCDA41 1 340580P 1 .htm 2003/1 0/07 



. Searching PAJ 



2/2 v 



reduced. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiners decision of 
rejection] 

[Kind of final disposal of application other than the 
examiners decision of rejection or application 
converted registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1 998.2003 Japan Patent Office 



http://www1 9.ipdl jpo.go jp/PA1 /result/detail/main/wAAAijaizCDA41 1 340580P1 .htm 



2003/10/07 



(19)H*B4$3 l ffi' (JP) 



<i2) & m * & m (A) 



#^11-340580 

(43)&BBB ¥j3cll*f(1999)12mOH 



(51)Inta 8 

HOIS 3/18 

HOIL 21/205 

jjHOlL 33/00 



F I 

HOIS 3/18 
HOIL 21/205 
33/00 



saesfcfc gf^jgoswo ol (£B7ij) 



(21)fflK34* 
<22)ffl«0 

(31) §E5fc*fcJ36#^ 

(32) «5fcR 

(31)fllife*ii3E#*§ 
<32>«fcR 

(31)g$fct833g#^ 
(33>*Sttt^H 



*HB¥10-215147 

JF«IO^(1998) 7^300 

4?BPF9 -204364 
*P 9 (1997) 7 .8300 
H*(JP) 
«$BPF9 -213672 
¥9(1997)8)3 7 R 
B# (JP) 
ttl5¥9-263158 
¥9(l997)9Ji29R 
B# (JP) 



(71) USA 000005223 

(72) 36W# £fc & 

1>f^/IIJa;H«m*IRK h<MUtf 4TR 1* 
l* S±3B1*5S£ttfc|*l 

(72)^«J)J# 

CMHCKA #M± Hi® (*2£) 



(57) [Sft] 



--6 
3 

— 2 



— 1 



3::fc*f * KJB 
9 * KJB 



(2) 



ttffi* 1 1-340580 



[#SiS#©$5ffl] 

-tfo 

HftU-lfCfcHT* ;St4JI£J?£*><3 n mfeUKD 
©*«Jf#JlT:«5J5rrS£:#l;u wil2)Stt®$:7'i'K-y@ 
i: U fz Z iL Ztt®. 1 1 -2. U — tf o 

0X1 0" crn'*mT:&ZZ£&mii+zm*&2 

[iS*JS4] ±IB*'Jf#JI©Jf£j!><, 6 nmliif*5 
^t^SJltt-5ia*JS1 £fcl*2l;:IB«©*3i#U- 

tfo 

5 ] ±SB*lt§ moW-is 30n mtilTC U 

r=. z t. 1. 1 s »3ius 1 7iM 4 © t \r 1 m. icta 

Cli*« 6 ] ±tfi*iJf#Jl©^;* 6. lOn m*JSId U 

fc ^ h &#ss t r s is*« 5 mm<D*mi* u — tf 0 

UT^Srisit, m-M^#p4S^^«i/iE-r -a z t £4$ss 
ii+ztmm. 1 nm e ©o-rtvfr 1 iiiciBfc©^** u 

-tfo 

© 2 JI * fc»* 3/i©*iJftji£;&1-£ ^SM^#Rffiit7? 
♦Sfijr £ 3 i: £*$SS I" * U — tf „ 

[is#ji 1 o ] ±mmm & . 7 > k - ^Ji-c^f 

•5 C h ZtmtT £|g3RJS 8 £ fcl* 9 KIB«c©¥^{* U 

-Ifo 

[»3£JS 1 1 ] ±IBftJf#JlJ!)<, A 1 ■ G a , In 
1-, N (fil, 0^x<1, 0<y^1) Tr4M^^*i 

a z£&ttmtT&m#m 1 tjm 1 o©u-r *i,fr 1 miz 

I3S©*^U— tfo 

[i»#JHi 2] +-fh7^ K*ibdibJMMt&jaiife 

Zm^Zii&iZ, »a*7fc^#*©S*<£§/><iaiB>m 
Jf©4"&{5iS«fc t> p2*7V KJUMId-TftTUSdiiS: 

iMMtb—y. 

IB»Kfi?#iMlliia>.p£-*7y KJM^&Mt 1 #B© 
[Iff #31 1 4 ] ±t2>St3JI tnS^ 7 »; K/i&tf pS 



7t*--f KJi&Blt*fc*Cx fjl2nfli|7t*'-f KJf©«& 

&m*mtzpmxii4 h-momm&m*. t>*#<-r -5 d 
fc£f$s*fc-r*iS3juai 2**1*1 3i3ie®©*^u 

-tfo 

[IS*JH 1 5 ] ±mm&® tnS^7 7 kji&if P s? 

T5iS*«1 2 7iM1 4©txr^1^l3lB«?©^«f* 
U— tfo 

[IS*JS1 6] ±S^i*b-if©nS^3-y K«© 
^4pi>7«; Ke©«$i|^*sJ:tJ7^#<r*C 
t&^mfc-r-2.l«*mi 2 71M1 5©lxT^1«lZlB 
fE©i|i^ttU— tf 0 

[fff#JS 1 7 ] >S1±^ t UT^-g^^ffiit&ffltx 
«>i:ftC mUBStt^tpfidTtTJ'-f K^fc©P B 1(3it;»^ 

«f*b--tflC*JtxT, HlilBjfi^a^itsJllCieHf -SiS&l* 
^^7>^©e7<:{4St>gttB©4"C,v{igi:©-r^^ n 
W^lCfc OtS^-TS Z t «:^S{i:-r-5^f*U — »f„ 

[If &m 18] ±IB n«"J®/)<a>«: < ii t» n«ft#-f K 
Jf-efctK HtilBnfl!l7t*V K^©«$4^»aS±IBpfli'l7fe 
*--f K^©^$y^«i«fct)7C^<r-5Cii&f$8iti:-r2.|« 
#JS1 7|Bi?©#^f*:U— tf 0 

[If^JS 1 9 ] ±13 nfli/S/»<'i>«: < t*. nm^W K 
STifet), HulBnfl!l^*V KS©SJ¥$:±tBpfl57t*'-1' 
K^©^Jf«tt)^<t-*Cli:«:^i:t-*M*^1 7$ 
fc(*1 8IC|B«E©^«^U— tfo 

[«*«2 0] ±tBn#JJl/)<'J>«:< ttnl 7 7i/ K 
^Tfct). H«llBnS^7«y KIfflg$j^5Spl77'y 

1 7 71M1 9©txm^imiClB«©*^f*:U— tfo 

[is*«2 1 ] ±i3m^#F*gj§©>mji£ffifi)t-r& 

Ali G a , In,.,-, N «!U 0gx< 

i. o< y ^i ) T-m&Lztizziizimt-tzmjstm 

1 2 7lM2 0©U-rti^1^l3lBe©*^U— tf„ 

WMtU— tflCfctxT. p(W7t73-< K^6<I nGaNi 
L\(*GaN©t\rih.6^63&:t)x fio, BulBpffiTtTJ-f 

K«©^lt!fe»iiije/)M x 1 0"cm-'*lTi55^tS 
4#^fc1-S*^U-1fo 

[IS*« 2 3] ±IB p«*#-f KJiJV. 7 > 
■V&ZZtZftmt-t 2 2|B^©*®f*U- 

Ifo 

[IS*«2 4] ifipttfefl-f KSIdo3lt^*-JU© 
^ii^A^ 2cm'/V - sW±Tfe-2.c:t^*Sltr 
Sl«*«2 2Sfeli2 3ldIB^©#«{*U'--tf„ 

[«*^2 5] f h7-f K*ft^«J*aif*4ffltxfc 
iMIftL,— tflCfctxTs pfiy?t*'-Y KICiiSniJt 



(3) 



1 -3405 80 



154 KJI©JIJ¥J;Oi?< LtzZ£*ft®Lt-fZ¥m#l' 
—tfo 

[1S*« 2 6] ^h7-f K*ft£WMMt £ ft life 
^ft:U-1f(ri3t\T % p<W3t*'-f KJI©J1J? A< x 0. 

[i**js2 7] ±t6p<si|*;tf-f kjiossmmi*. ± 

IBnm*'^ KJ§©gfc|?i?*S«fc»)*f < LfrZt£tt®L 
£T £.«#JI 2 5 £ fcli 2 6 lc:ie®©*#ft V — if „ 

Ktt-r * & < & o t tv * t &#s& t -r* *m 

f$ U — "tf o 

[H*4i 2 9] ±13 p«*#-f KMoatMIMtf* 

iBttcfcib urn* z t -rsis** 2 8 ib«© 

[tt*JJ(3 0] ±Bp«*#<f KJIOtttMMtf* 3 
W&Kfcfc d t €:4#ai:r2»iS*« 2 8 IBS© 

[i«#«3 1] h7-f KM§Hl*Ift&fflUt 

iNMtu -tries ivc, Pfii*#-f K^©«$4^*aA<)S 
f*u-tfo 

[Ift3jUS3 2] ±l3p«93fe*'-f KJI£tiifirri>SI$i|?5? 
♦s<D'J^&^A<I nGaNsEt\(iGaN/)^e,«:iJ x E. 

^^©^t^A'A 1 GaNfr6.fe£c:t£4$ 
&fc-T£lij£JI2 871M3 1 <Dl\?;|ifr 1 JSKIBfS©^ 
SlttU— tf. 

[lfi*lS3 3] t-f h7-f KKfcdfeiMNt&JBlife 
S^'y-b>^J^CD^6< 9 Ome VJ-ilTTrfcSClii^: 

[«#J13 4] ±te^fSrt0))S1^©7* 
•y-b>^}A«£D»^/) < x 5 0meV«TrfcJCfctS 
mt^-5«*^3 3l3«E<Z)^f*Sl7t^o 

[IMUS3 5] 7--fh7-< KXfcdfeiMltt&fflttfe 
^tt^ftSmciifc^T. fti§g§F«9©>mJI©$K<4&Jg 
£10' cm-'ttTfct-fcCfcSIWfc-rSiMM*** 

ffl^o 

1 0' cm"'ttTfri.Ct«:^trSii*«3 5IB 
3£©*«|f*$Bfcf!t? 0 



[ffi*4f3 9] .±%Zf££k&&&. 0. 2Aim/B$fcLt 
[19*^4 0] ±tefi£||&g£. 0. 3Atm/KJtU: 

^osjt^^o 

tt('v Mies i CS«<Dai5£x.y^>^Ufec:fc£« 
S3(i:-r?>ifi*«3 87JM4 0©u-T*i*M JlKteS©* 

^siTt^^osaji^^o 

[IS*JS4 2] ilfi'/Stt^^N I nSfilfiJlf iilx 

%tz.}iZttm£-rMmm3 snm* 1 our*.* 1 
a, iE f>mm&T'mtfi-r s z *: & *$ss t -r * u - 

Ifo 

[1***44] ±^mmt>\ mm<p^mm^m-c 
mfitetizzt&mt+z 4 3 t2«c©**£{* u 

—tfo 

[is*Ji4 5] ±%wmmi)<. ±%z2m<D!£;m®&m 
<Dpm*m&m<Dffl<D&no{iLW-c&yi&i&i)<%mztj: 
z±o izmm&mtf&mmz&it unvj z ^ ztt&t 

3ie«©^<*u--tfo 
[ii*jr4 6 ] ±m<pmmtf. &mM&<®<Dmt&m 

Cfc IS** 4 3SB«©*M«*U — tf„ 

fc»^$<i^*a©^ t © fa ©«a ^mmz^itL 

"tfo 

4 8 ] ±igtt'p B ^©rt a>mmm&mm<Dm<D 

*W#IS4 3 7iM4 7©t^^1*(3ie«©^f*U 

—tfo 

[«*JS 4 9 ] ±%&fcmffl&m<!>m SAIGaNT-i 
fiEI-^tfctlC. ±lZ&mffl&fe<Dm£ I nG a N. G 

^tT5IS**4 3 71M4 8©U-T*l/)M JBKffifc© 
»f 0 

[ii*«5 o] v=5>h F&{tG®*m#.&m^*i 
^mm^^m^mwv-mz^x^ ^mm=F^w 

t % *m t -r ^ mi? #F«ig#^f* u — tf o 

>)7mi)K InfflfiRttA^O. 0 4tt±©I nGaN(3«fc 

s? b - -tf o 



(4) 



t#KJ¥1 1 -340580 



im&ms 3] ±t2)St±e©p«yic:si^5xu>7 so 

M#JJt 5 2 I3«c©*3|{* U - if 0 

U - if IZ *J UT\ >gt£JI© p CM I3ISI* £ x U £ h 
a >:/□ «y £J§© pfilkDfgtSKlfclxT, 

iz&it urus c fc&*#s*fc-r*¥^{*u— «f„ 

#m&l — VCfciiT, )Sit^©p<B5l3^lt^xU^ h 

Kgfb lt t \« z t. t -rz U - if „ 

U - if KfcUT. ymm<D pfflKKI**x U £ h 

*SA<f£* Efcfc LTlt £ C t £ftS* t"r U - 

•tfo 

**ftb — tflCifcUT. >SttJI©pfi!ll;:IStt*XU* h 
a^7ay5m<DM9m&%7 x 1 0" c m'JSLtfcT 
2. C t L T •& U — if o 

[IB#IS58] N>7-fKM^Il*iMffll>/: 
iNMtu— tf©12^54irfctxr. 5£ttJI©P«WI-|Sl* 
2.XU-J7 hD>:7o.y£J§©j£gi&g£6 0 0°C~9 0 
O'Ct U£ d t tt5 U -if ©SBttf&o 

[§g;Jtfl5 9] ±I3xU£ h a >7P<y£ /!©«£«& 

& & >st±M©fi£^jgs t m i; ir l z t. &nm. t -r * is 

[8*^6 0] xiexu^ ho>:7a.y^JI©Mgjg 
Jg#7 x 1 0 " c m" , W.±|^4c-i) < fc3 |iM g & K — 

if©sa^a5 0 

[000 1 ] 

w&yem=F. %.v. ^(DW^fimzm-tz^oy-zk*) . 
i;:4#&©fc4*l»:ll*#& u -if&tf *©88ig;fr>£i;:ra 

[0002] 

t><D%im®m*is-if9e<D}gim<D-mizE.itvi-r%Tz 

&iSSfb£*iTi\&gJSj.£:g©4^&u-if|i6 3 0 — 
6 5 0 nmJafUC>*«4*-rS#fe*«f*:b-1fTfe 
0. Bt^&^£;h.fcD VDEfflO'&tl.Tl^o 



[0 0 0 3] UfrU -fcOiBiaEJg&SgA&Sfctofcl** 

@£ 2^|2gi-ri>/c&l3li}^6 < 4 0 0 n miS2©W 
ft*«f*U— »fA<^nJ^t«:0s ^©£«k ia*PTIi& 

u — *f izfflm<&A,{zte2tn:i\z 0 

[0 0 0 4] d©«&Wfe^f*U-ifffl«if4i:LT 
li, I I-VI&{b^#>W*©ZnSe^fc, III-V 
&fc^4^tt©GaNmfc/)<W?t£;h/C*>iK 3© 
rt. ZnSe&(iieSS©8«i:LTS!&©;Su<3aA 

#**'jTrfc ft, ttW4"©W5t#©^:*A<C© 

Z n S e^©P^lrft^UTt^fci:U3g©/)^feO> U 
- if ©W^KM LTIi Z n S e &©7D-Jb<5^ t » 2> „ 
[0 0 0 5] ZCDZn S ei^lCOl>Tlix WZ, jiA® 

[0 0 0 6] GaN^©^lClli, 1 9 93^ 

©Bffi<b^lc:<t-5GaN©)S^L E D©»a$^ld x Z 
n S e^T*>y^lC«:oTUSm«1tl3glUTK^«tt 

[0007]^ 1 9 9 5*P1 2^*7Ji&lc:li. I^b 
< Bffifb^l3«fc *f tlT 

Slrte. »DSsESIt«t^ 10 0 0 0B$r B 1©f6S^^^ 

[0008] d El 3 1 SIZE 3 2 £#J8S LTft* 
©3S««*«^7fe^$:UiW-r*/)^ 03 1 (a) I* 
Vt*(Dtsi&m*mte V — tf ©3t«llzSiS«iiaBS6<J»r®l21 
Tfey v 131 (b) liSj&HSgyfc^-f:*- K©m^6<J 

mmmx- st, 03 2i*/^«y7 7'^4Ji)i©sfe4 
mtemmmtt- ^-vo^tmzmm^m^mfsmT-ir, 

0 3 1 (a) #S8 

*-r. (oooDi&iitts^T^yiteei 

1±l3x GaN/t>y77l8 1 2£?>UT, nSGaN 
/t<y77jl8 1 3. n^I n« i Gao i NI8 1 4, 
n£A1i.nGati>N^7«y KS8 1 5. nIGaN 

KJ18 1 6 N I nGaNMQW}£1il8 1 7. p 
SA1 ..i Gaci N^8 1 8, pSGaNM-f K/I 
8 19, pSA 1 i.nGaiiiN^7 9 KS8 20, » 

pSGaN3>yyhi8 2 1i&M0VPEa(S 
M&SMBJSJBft) (c:«toTxt!^+i>-v;ufiES^-ti: 

[0 0 0 9] K7-f • x.y^>yiC«fcO n^G 

a NA777I8 1 3©-gpSSHi*-ttT, Ti/Au 
ft^f>&Snfi«ftS8 2 2 fcttlZU piG a N n 



(5) 



#B3¥ 1 1 -340580 



KJ18 2 1 ±lzOM i/Aufr€.&5pfi5S68 
2 3£l8;ttfc©^, K^* • :I:.y5 L >$ r £^fiL■ 

T-*t©¥^TfciB®£JBJ$U CKDiSS&tt^fgBKlT 
SdfclCfcoT/tJU^U— tf^tSl3fiS«)LTt^?. (&g 
&£>fi. S. Nakamura et a 1 . , Jap 
anese Journal of Applied 
Physics, vol. 35, p. L74, 1 9 9 6 
#RB) o 

[00 1 0] 03 1 (b) #S8 

sfc, K©a^ici±, 1t^7-<:p««8 1 

1±fZ. GaN/«»;77l8 1 2£fl-LT, niGaN 
1824, nS*fclipS<DI n...« G ai.n NJSISJg 
8 2 5. RV. pSGaNi826SMOVPEai:<t 

■3 tx * «» -it * o 
[ooi 1 ] z<d*&&, tt&x-ciMrr«jft**'<r:*- 

Kfc UTflfflttk$g3y»&£t#£fcS>(;:,;|: x I n. .„ G 
am N>mM8 2 5©S ijgJgjjHWiZnaiJgfcl x 
10"~1x10"cm-'tn!&I)!) t fe^ tfc, I 
ni.uGai.is N;£1±JI8 2 50MMI&1 ~5 0 0 n 
m, «fc 9»3§fCli. 1 0—1 0 0 nmld-r&i&gtffca 
(i&S&&tiU ftH¥ 6-260682 ^&$S. 
imW- 6-2 60 68 3*2HMNH) o 

[0012] 03 20m 

® 3 2 lif^OfhaJStiftfiiMlft U — tf ©jfeMCSfffe 
WaSTrfe*), £t\ (0 0 0 1 ) ®4±ffii:t4^7 
3 1 ±lr N GaNA«/77l832^L 
T> nSGa H^fUmQ 3 3, nSA1u.Gao.nN 
*79.KS8 3 4, nSGaN3t*WKI8 3 5, MQ 
Waiii8 3 6, pSAl ( .nGautN^-/t-7D 
-Rfi.lt/I83 7, pSGaN^K18 3 8, pSA 
1 MiGatii N^^<y KM 8 3 9. St/, pIGaN 

H8 4 0^MOVPEaC<fc-3Tl;i;xt* 

[0 0 1 3] 03 1 (a) (D^fciaj^l;, K 

=74 ■ ^vl'XflZ&K) pfiGaM3>** I-JI8 4 0 
Rl/p^Al MiGauiN979 KM 8 3 9&*-9-:c 
•y^>y-r-5i:ttic:, nMGaN*RgM8 3 3©-gp£ 
&aj£-»±T\ nIGaNW®8 3 3©gajSHc:T i / 
AuH<tinffii6 4 1 £ISI*i>£:ttlZ, pSGa 
Nn>*? KM 8 4 0±I3I4X Kv-f^gflQ^^-T-i) 
S i 0.JK8 4 2£*rL-TN i / A u pfflQg 
8 4 3&&I*, »!Uf K7-f • X<y^ LT#^ 

[00 1 4] 7f--/t-7D-R*lhM, gp£, 

U>a h <y /t-JI£ nUMttdtlStl** C tt.lSlg**x 
TfcO (i&g&fctf, *$g§¥1 0- 5 6 2 3 6*f&$S# 
JH) s ZflNtelZI** nSWfc&jg/)<1 x 1 0"cm 
"'©Si K-7"0)nIA 1 tnGaui NJlfclETLTs h 
vM-ftlT, pS^*6«§^/)<5 x 1 0"c 

m"'©Mg K-7"fflpSA li.isGai.n NS&fg^ 



0 x ^©P£©JdcHj&gliG a NsHWiA 1 G a N 
**aPS©JI$©fiJcl|ja&-t:fc-5 1 1 0 0°CTrSo 

[0 0 15] 

[^*<M;*UJ;^i:r-5PS] UfrU ft*<DJiiftj| 
*3M*U-+f©«£, U*lttt*M««a<3. 6 k A/ 

SK©-9-7 7'-f7'rc^rai4ft t &l^C:i:©ia/)MC. GaN 

[0016] bp**, et*, nfflib*nri>4^*f*u- 

"tfl*, A 1 GaAsiW 1 Ga I n P#«?©Hffitatft 
LT, ^-f K5-f KK<b£fe*Mlftl**- 

So 

[001 7] z<m&l-<( v^<{ YJkto&to*mto.<n<to 
fcfc±©*£fcfcS*C;fc, A*a-Cfc0teaCR*tttfS4 

tf XftStffiSff mtfiib* < , fiffiS^IZx H H ( H e a 
vy Hole). LH (Light Hole), K 
tf, C H©3o©M> Ktfiff*gUT#:£-f £Cfc©=o 

[0 0 1 8] J: 0, ttlXBWfSfcs ST. Ml fc s 

<3)*-^©^Sfi^#^feto v 0fl|?*d!>8l7xJI/ 
®*-*©**M«*<*t< % LO 7 

-^©ipisasje. ep*i, *-a-©mmmv, (±, (m/ 

2) v, 1 = (3/2) k TA»6, v, oc m "' fcfc 

[00 19] tfS2K:, (ffiH^lC. HH. LH. CH© 
3-D©/t>KA<£igl,T#£L. ^r©rt©2o©^H 

E i, ft^±!()t 0 IZ < U d t fttfSBT , 

i?teE,.©±#ft^*«i|3t«t0t,^&<>&0. JLO. 

TSGaN/I nGaN. a£t>li. I n. Ga.-. N/ 

1 n, Ga,-, Nffl-NTDg^l^ltSIS^Cfclt 
5x^^-^qE, h^^^4e©^A E, t© 
tt, iPt., iE./AE.tf, Se*©*t*4»Trl*0. 4 
S*Trfe^>fc©l3^LT0. 7g^tA$ < , ^®ldt> 
l«M>K(D*7t'y KA«3 : 7 -CffltTUFMCflft i: 
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[0 0 2 0] ZtiZW&miitjvT, pSUHMfr&SSI* 
Ji^©*-;u©-;£AA<»*&<m3;h.fc<&»K ftl^ 

. js«yB^*«*#p (mow) mmx-nzm-s^ 

JU©&A$**©?l£l;J:fi^#75JI (-JX^M) fflOfc- 
EM**ft«ia*«Wp«^»*iffiLpm#-r Kiiidc 

Cl©$tfl£03 3 7JM03 7^#figUTittWrS„ fc 
JJs 03 3 J1S0 3 7CvSi.L,-v3 >te"3HT(4, 

[OO21] 033#fiB 

03 3li s >mJia&l;:fcl*£7x^$^©gfb£^ 

m^iz *> it a * - ;u id^-r 5^7i^s mis e, , # x 

JI©&:7 i^S^ft E t,lil5IS-a^-^ z t Idfc-S A<, 

<. pfW^-f KJI*£>£t£fI^7js-;U6<;£^|c>±AS 

[002 3] 034#J!g 
03 41*. ^lUWftfSJlroMQWffii^eyi^ttU 
— tf Idfc It* * - ^S3SO)^{4afl?^i±«:^0Tfe 
*K )±A^*i^7jv-^A^Ct:S*S-&lC«fc»))HisS^-5yb^ 
£vSxU-i>3>Lfc$£fll;£^L£:0-UfctK 0fr£ 

351*. J£ttJU£a-r&tiai£p4Mg#<f Klr4 k A/c 

[0024] zamnztifrmmtis— tram^^u 
ujne&i*. pi^7f KJSfre.JSttJi's©* 

- ;U©& A^* A<jg I * #>7r fc -5 # x £ *t£> „ 
[0 0 2 5] iSttIft ? MQWflSJ§T?fe5^, * 

fcKfcS©"!?. CI©*«&0 3 3 6£#fiBUT 

@3 5#I 

03 5li, 03 3<Dtt®IC:*Jlt-2>^KJl*lSl©/tx.-;U 
(By 5 a U - > 3 >gS&Tvt@T:ife 0 , 0fr 

p{M**V KSIC»LM5ir^:*<. W-fcfcoTU* 



[002 6] 036#S8 

H3 6ij % rac<®3 sa&miztmzm^mmiiiiiHD 

06^R8e.^«cJ:-5^. r>m**-< KJHSJ6*&;±AS;|x 
tlli±ieG)/lx-;U^iS|-)iA*<JSH-C. Sft*1ife*<*£ 

[0027] znmz, K-jistn^t&izmmoy^iS) 

*1.£©T% d©*«£0 3 7£#fiBUTi&fi8-r-5o 
03 7#JS 

03 71*. ±ft<D±<< K^-f K^b^«9*^f*feffltx/c 
M Q U — tfG)^Sa^#^*l^fclt S3t^f»Jf§ 

^6DM«HT«9 % pSf 5>y KJM^&IRI #g© 
*^#plrfctNTIipSf ^ -y K^3b^©IE?L©«t&)!)< 

K^fiW© 2 o©a^#/3|;:fcimitt^*gi3£SS£Lfc 

no:* o a\ *©«&/><£ u& fci^ft3fe©ra£sa&s 

[0 0 2 8] BP*}. raffiS8tl£I**StMSi£©#3lf*£fflu 
fcft*©*«f*U-tflZfc^Tli, M Q Wfltjgtf 5 Jig 
J^©M^#^A^«jfi£*tlS«^l3(i. *t'J7tfJJ| 
-lC>lA**l*dt6<^Tfe*), 
-tf-trli5-1 Ofgg, D VDfflifel'- VT't, 5Mm 

[00 2 9] Z©«fc##5fJf# ©a^#F^F B 1©^lSj- 
lC«fc47t9RiR^©^l*(*. -^©^S^-^xSCltli 
IS— I*. 7tSRiR^t*oTt\5 nfiij©2-s>©g^ 

#pfaiz*juTtx 03 5si/03 6fre>Bj§e.frfc,fcd 

piM©3^©M ; f#/5JI*><U--tf$gi§ 
© t\ffl7i;U5^{4l33it-*Hi3£MS n«5© 2o© 
f?#Fi /)<lg*0 ^ -tt -5 IS* i: & -5 o 
[0 0 3 0] m-tZ. nfly©2-3©fi : f#prji6<3tiRiR 

^Tfesfctoic u— tf^tsr-sfctoic^fls^^rtgp 

±# LT L * 3 t U ^ ^S/)<±t* * d i: Idfe* o 
[0 03 1 ] 03 8#JB 

03 8I*. ^«M^#^)S14SI3feltS*^#pJl©a 
^^xTSH^lCftS UfeMQW^fft U — »f ©*&*- 
m35^i±*^-r0T:fcO. d©«^. ^f*©3"6IS li^to 

6^ «c * fe&m * ISIt M Q W*^fc U — tf © 
^»<3®©jl^#P^/)%e,«:5)St£^^ISItfcMQW# 

^f*u--tf©^«fc»> L$n<ae3SfiBjeJu^jg<v a. 
■Pv ^-tfflS^©^*^t,^t^c:fc3!><^>6^So 
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[0032] ztnt. iNiftu— va>»*ttrt8«?» 

&£Pi®aZX-&&£i\Zfztb. n{Sj©2 0©g^#p 

[0 0 3 3] 3:/c, ft*©MQWfitig¥«&U — tfT 
l±> »*f7fce8tt§©&£#^ (tt«3t^»^) tf. 0 

^#Jf#***:£ ^©&^fclf#£f&£-r£<5iSI;r;fi& 
*Bfe3&g#*f; UfettJU* S^ICI^T: £ & U Z t 

[0 0 3 5] ^UT, SMIZttx &&Bfc©>S1£JI^©# 
*t*li. £/I££itUTt±{*©#&£©#)3%fIjg-e;fc 
&©T, 1213 7ir^r«tdl3fcZ£7?*x./Jx*t^^/)« 

[0 0 3 6] SH£$S££vtxTU£. fi^#f5JI/>< 

1 Oil 71^2 0^©MQWU-1f(Dlg-&l3(i, m=F#F 

§B©M^#pT©#raUik4&)b<fr>&9'J^ U 

[0 0 3 7] zziz, ±iB©©©ssir«t: o » 

ffltAE, ©f*g©#)7 0%/)<(ffie^^fi!|lc:^. feag 
fflRKDx^ji^-Tittft A Ec (i'Jx£ < 0 . m=i-<D* 

-A -7 0-/)^^ t*3fc©JIi£:g^f*U 

[0 0 3 8] LfctfoT. K^{b-&«5*^(* 
£ffl^/cMQW¥5£ftb-V©t#t££afc*r£fc&l3 

[0 0 3 9] UfrU ±3&0>miZl-'< h^-f KJR<b^«5 

^(*&fflt^fcMQw^^i — vomsizit, -)-<( h 
!8&£?£llJ?i;i¥*ift©#If&£3S;8 "T -5 £ tr&tmHtz 



[0 0 40] -ttlZ, 
A$b*£&#-r3fc&i;:. pfltt*'-fKI4 P Sli:t 

c©ii-&i;iiv frx?i, *-^©aA*ft**<fiT-r* 

T*-)l>(D&M&Z3£lZl&.T£itZZHZttZ>o 

I3v pS^tt^l© K-t>^Jg€:ig«)Tt,v =F*6«5© 

[0 04 1 ] -felCx MOWfiftb- tflCfcl* 

***yz©^->iA£St«-rSfc#>l::(iv ^11? 

7'a©J?$€:M<-r*Ci:. M'J7JI©i6£&© 

[0 0 4 2] d©rt, ^XJUNOMVIIh U— «f©3fc^ 
i4S:lc:^b*i^•&^fc(i^lLt^ht^•pBgSA t fe 

[0043] S3 9#J8 

HI 3 91*. /tiJ7gtUTfflUfcI n, Gan N&ffl 
txfc^-&©^«)^©I nJgfiEttxte??WCOlNT©^ 

T, g^#^}|Jg©;'C'J7'$:e< UT^A^fe^to* 
[0 0 4 4] /^•JT'^OTJgJSICOtxTIAs Sf*© 

raffiiaass^^ifiJi^^i* & « t >fc u — v iz a t i* % 

KJl*<?Sc^i:aT#H^ira©;fiiABIfS©^*-ai Llz«k* 
ffl5fEffl/><M*jn:£fc<fc>K Pg^«TfcSli-r©7t^ 

<) ( ll4tf®Ttl.fc4&> 5 nmtt±©J?*lc:LTfcO. 
ZWfll^^^-'f h7-f K^<b^«9^f*feffltxfeMQW 

U — if |r ut t, ^© i SSffl LT t x S o 
[0 0 4 5] UfrU ^-f h^-T K^<b^*#f*&ffl 
l^fcMQW*^U--tflC33t\TI4. ±iE©«t5l3+-^ 
'JTW^SiA^^tx/ito. *^#^/)^©iS?t!lMiB( 
©^*tb U/><'J>& < . A> K • v7<D^1%— 

*J0> ^©fci6x 5 nmtt±©KJf(i*H6*)«eg(^«i 
«:lxt©eiSlCMofco 

[004 6] ^fc. ±i£©^f^. )m®Tr^jail^e^ 
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pfi^^t^lt^-tt^dtlr^oTt. tf-,K-7D- 

[0 0 4 7] ±M<D©a>asi3«t'j, -^^□is 

7l--/^-7a-teJlJil£txl*+A' 'J7>* hy/tJIfciglJ 

©Trtfwt-^D-tfjg^rufcl^pgStfifcD. C 
<»mz+-< h^-f Kifc^ttlcfcUTtiu ffe©^t*:J; 

[0 0 4 8] sn*.. *^f*u— tfroL^mees&a&gj 

J u = Nu • d ■ e/r, 

ANl;:tt$?-*7x*sqittEf ©LtUfg** U7S 
E ' u=E f (N, k ) 

[004 9] C©U£U<g**'JT&gN tl (±, *+U 
ZS&^NCDMiSJcr-fc^G. (modal gain:^ 

<-r-sfetoic(*G.«:^:t <-r-5je-gft<fcs 0 

[0 0 5 0] C©G. Itr fe3WH I55i«i>«ttfc U G£ 

g. = r • g 

U5ito/)<=f:+»TfctilfG. <fc»K Zrft\ZW^> 

T, UtmS7x;U$i*{4E' *tfi±ifi*)W 

[00 5 1 ] £fc N l»Cfcl!»<£fcJSiEH 
T» #-/t-7D-|»jtJI£Kl*&i\Jjg^ pS?7«; 
KJf^©m^©*-M-7 o-kj;* y 

HlLfca>T?Cffl*tt«H4 0MMHUTIMIT4. 
H40#fiB 

i4 Olis I nut Gain N fr£>&& 5 I©>JiAI 
£ I n..« Gam N/tU7 7 ^Tr^/£MQWffii§S>^ 
JtiMMtu— ffC£l*«.> H^©;i--A-7D-e35© 



*S@3Sgec#tt©^5xl — ^3>tSm£. AlGaN 
75«y KSCOA HgfiR^^ib^-ttT^U/ct^TfeO, 
KJl©Al|§^tb3!><0. 0 5©«^ EP^v Al 
mi Gain NJ|«/llifcW£|;:l* % flmtWtfr& 'J 
-»®3Sa<£i)QLI£C3;"K 2 0 k A/ cm' ©B$I3 N 

[0052] £©«fcy-*«Kii. u-ifMtc«« 

[0 0 5 3] »79 KJitLTAlfflj*tt/)<0. 0 5© 

a i ... g a o.ii nm^m^tz.m^\z\u fmrntom 

W&mamt 500meVt,feO, f*jfca>tt»*-t?tt+ 

•y KJKDA 1 ffl/Slt€:^# < Ufc A 1 o n G a. „ NJf 

[0 0 5 4] *$6IB*(** #-^-7 0-tail 

X?aftl::t.tt$-r* CL h £ 2/ 5 x U - v 3 0 H, 

d3U7c©TC©^tft£EI4 1 fc#KBUTIftiH-f £. 
■ 4 1 #M 

114 1|i. Ale. Gao.i N?5-v KJB&ffit*fc«^ 

©tr?©* - a-7o- roots .ra*tt#tta> ->5i 

U-v3>£HI&. ^jgJg£^fb*-y:T^Ltt©T- 

[0 0 5 5] ^LT, £REa>X?7?ti\ *-/t-7 0- 
Z-ttZZtlZti:*) , C©SgTSS©±#l3«fcoTMl3^ 

[0 0 5 6] f^©:*-/<C-7D-£Eijj:-t?>7c 
*6l^s pSA 1 in G a mi NJUBlWi A 1 mi G a 
mi NB^©#-M-7a-|ft±Ji£!S:l*/cil-&. ci© 
A 1 o n G a« ii Njf=£t\|±A 1 in G a mi NJglip 

fS. LTIE?l©>± Aiaj r S / X'J h *e S Po^MA^ ?> o 
[0 0 5 7] ±a<D03 2C^t«C, h? 

-f h*^<b^*#f*£ffltxfc^*©MQW^i*U— tf 
. llfclAT. MQWiSti8 3 6 i: pgG a N)t*V KI 
8 3 8t©raiCl. m*?^*i©*t«cpSA ln.Ga 
mi N#-M-7a-|ftjlJI8 3 7 SttlJ-fttfr^CHU 

rt gp □ x ©tt*n £ t « * - mz nr i mm$ 

i*IIE* t ±#t--5i:t^Po^/) t fcS©'e. ;:©*til£E 

4 2&#RSLTI»Wr-So 
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[0058] 042 (a) #KB 

04 2 (a) li^*<DSiS^^f*U— «f©/t>K$r<f 
tf7ATfct), S6^^e.ft^«fc-5li, pSA1.ii 
Ga. .! UX-Ji-7a-W5±m8 3 7©^^*sft^ 
ffUfctfK pSG a N3t*"'f KS8 3 8 t.(bfeHZJtzj££ 

844t(D^CDx^;i'4 : -M*^*<*:0x UfcA<-=> 
T, MQWigtti8 3 6^©*-,/t-©;£A©fc&©EPi!jn 

ma v & <* * * z t \z & 5 0 

[00591042(b) #RB 
042 (b) li, pSAl..,i6aMiN*-/^-7D 

-w>±m8 3 7<z)3a^ic:fcit5fflfis^fly©/'c> k^-t 

i*^A£&5£tfji;:jn-f0-e&«K 0ir^f .k^ldv M 
QWiStti83 6tpSAl.. l .Ga,.i I N*-/t-7 
□ -R&iiJ§8 3 7t©#ffi > RZf^ pSAl. i.Ga 
..i,N^-/t-7D-|»±18 3 7t pSGaNM-f 

KI8 3 8 iKDnwizm+mmtKDmz&m lts * ?- 

8 4 5, 8 4 6WBi$.j*1x^ Cffl/vf 8 4 5, 84 6 

[0 0 6 0] S/i. d©:+-/t-7D-£Stl!hg-f 5ffe© 

If £>*U Z*l£©SHte*Rftfcfc©7:l*J&:l\£:#K d 
*l 6 £ ait « "t -S Z £ I ' «fc -o T * - / 1 - 7 D - £ <g -r 5 

[00 6 1 ] L-fr U JEl«Trl±+»«:^SSS«:*^-i, 

itits ps*?* K/§i;:*fr* K-t;>y/)<itu<x 

+#-U*OCi:/)<JSia7:fc&/><. A 1 ffl/$]±©igjjni: £: 
$:©Mt--2.fe«)lc:AlffljiEtt<D^:#fepS^^-y KJI£ 

[0 0 6 2] ^3t#^ldMLTt.> T>K-y 

ro*ssTt^«^#^6<i ns (^g>) m&t'&iktt 

So 

'[0 0 6 3] fl)« % -J--f h7-f K3Wt-&4&>¥^ft©feg 

&n,&wm<. mini. mni:<D&m.&&ti. 1 o ,0 cm"' 

[0 0 6 4] Sfc, pS^FJ$«3(D K-t>yi3«t-pT, 

p«W£#-< K® ©fcAt£*><&<t u imvemaaitmiz 
m<o. ins (=1 oops) ggt&o, tmx& 



nm-somwigxTzztizttK). u— «fs§is©fc&© 

[0 0 6 5] ZOfrtb, Mg£ K-^'LTfc/fc-.d^Jg 

$*HI«fc>K pSK-e>^K#?&»Jg©&T*\ ISA 
tfe©&(t©;frJ!><Fcggl;:fci> t(D£%z. $tiZ 0 
[0066] -is . fcteS&Jgl3M LT(±. 1 0" cm' 1 
©itli, feift&gtfl 0* cm't^TTfe-See*©^ 

iai£S£jM?iii*5if*©ffj 1 o o^te-efc*^ c:©« 
X^'bZBf&LteisaT-T/UXGittmzitl&i&Lteu 

[0 0 6 7] ^--f K3K#^f*U— tf©5Stfe 

JlfcLTjI^fflU'atiTUi. InGaNIi, ±IB©:*--f 

h7-f K&<b^>¥^#i^&TS%i£tt4$Si©ft!jic:, 

ft*#*4t£<g&51£H£*UTU!>o Hl^x InG 
aNIilnNtGaNtfflSSTrfeS^ InN©«$i| 
3MSA<1. 9 e VTfc-5©ICMUTGaN©^^ti(± 
3. 4eVt^|;*#<gfe^ Sfcs &AJ&RJSJ& 
t,I nNJbt6 0 0 0 CfiijStTrfcS<DI3«LT > GaN*<1 
0 0 O'Cey^fc^^ <SfeoTU5„ 
[0068] 3tie>(DC:i:/)<JSBTv Z.(0InGaN>l 
AI**^IC>1^»? < t^di:/)^€»tlTj3 •? , #}SA^ 
«J/)<^<sB.o v Inj§fiEJtA<0. 2BLTt'Ji*U« 
mztSl\Tt,. I ntifiJttt(Dtg]bnt#lx«a^8IUTtx 

[0 0 6 9] Z(D&m. IniJSMO. 1 5ggffll 
n G a N^l^t5t\T> 2 0 0Mmgg[©7i'DWl: 
h;U54.'yfe>7. (PL) 7.^^ MU©¥<gli 

<> ^.UiSAT*, 1 5 0meVtrfcSo 

[0 0 7 0] C©dtli. (**©raiE^tl£^A«3t© 
*^f*-eii»Blflsf *Vli*f? <&£>(i-f<DP L^y h 
^©^<i*SA<I nGaN>lAtrlin*C'J»* <fc»K C© 
S^^. ©(Bc^lc;^UTt,*tt*S©^ft{*?Sir*:Ui: 
tx-px S£*©*mtli:£<gfc£1£«©J§iBTfc5 0 

[0 07 1 ] C4x^©l nGaNl3j3lf-5^l±, -9-7 

s i ca«. i£tMi v x\zz.)m&&<Dm 

«*«tUTfflui,S«©tt«l3te#-tt-r> i^E 
MOVPEJS (iSff*tti^JSM4i^Sa) * 'gffMOV 
PE», §£tWi, MBEj* (»^tgxt:^*i> + ^« 

») ^©^ft**(3tfli?f-tt-r> *^lc:> A*«*t»l* 

tt&ZHD&ikm&iz t tt^-tt ric ai^t- * t ©t fc 

[0 0 7 2] Z<DWZ. &L3ti<D InG a H£vm®£* 
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U— W&Xtmr-P (LED) Kfc 
iafgtfit&e.*lTfc 0> LE DTIiHK5CC:©^t^ffl 

[0 0 7 3] &?&R*^f*U — ViZtSUTt,. ± 

&<Dm{Zls—*f%miZlif$.V}LTl\Z<b<0<D, CtV^T 

/FKj- a^/w x&mz if <D«&f5g&;&iJ-r *Mi«n e, 

[0 0 7 4] ^CT% *^W#^(*s Siffs 
(*U-tf©>StfeJIi:fc£ I nGaNjgHldoixT, U 
m fc I \??SM\ hgt7* h;P5**y-b>X (P 
L) mfeZfi? d tic: J: Ox I n G a N }!H<f ©IBfiJtfF 
l^-©llJg£;£fiftlc:l¥<ITS*&£§S&U£o 

[00 7 5] C<D«fcr?<i£fTofc$£S> InGaNM 
QW (£-MM^#fO >mm<DP Ltf-^««A^ fSS 

4 3&VI24 4£#!lSL.-a8[UJ-f.&o Z<D;9J5£& 

^ITrfc ^ o 
[00 7 6] 04 3 (a) #K8 

043 (a) i*. u — y&mistefrvtcm+iz&^t:, 

1 0 0 0 0/zm' ©SgtSrtTrP L*^ h^S 2|xmfe 
$IC2 5 0 O^jBJ^Lfc^©, fijffl^lCfeltS P L 
t!-->>A^t P L^^<D4aM$:^t-t©TfeO> 39 
6nm( = 3. 1 3 1 eV) 1 6 nm (=2. 9 

8 0e V) ©®HI3igoT v PLt-^g, PLJtS 
££:*>K*t <f**PL, P Ltf-^ikHS-^ffllil 5 
1 meV, Wt>. #j1 50meVTfc^>fco 

[0077] miz, vt&mm^mtois— tft lt/bu*» 

tlTC\-5 I nGa A s&©S&JII30l\T|^(Dt¥<ffi& 
* % Wt,, I n G a Nils© 1 /3 0gg©»$ Lfrft 

[0078] d<DI nGaN^^#U-1fl3*Jt\T 
It, tott±<D3£AA*& L£i^S3S8&&Ju/><*Stfj|;: 
ifu±, c©«fc>mJI©$§ric^i§-©*££iiu--«f 

ilOlWfr6tt, PLe-^j&R^tfl 50meVtt 
±CD^lC(i U — tf L& l\ £ I \ ? &m tm £ *tT t \ 

So 

[00 7 9] 04 3 (b) #fig 



04 3 (b) It. V— tflBffiUfc^l3*}UT, 1 00 

0 O/znti' ©I^lrtTPL^i' MU£2yumfcf \z2 

5 0 0 jftaf£U&«&® % 6Jg£jAC*l*« PLt-f 
&JI£PLft^©ffiH£^t-t.©Tfc'K PL£-£ 
>£ft#^0lt4OOnm (=3. lOOeV) H4 

1 2 nm (=3. 0 0 9 e V) (DftmiZfc^T. 9 1 m 
eV, BP*i N ft9 Ome VTrfc^ lo, PL*S£&# 

t. 'Jv * I \ t ©Tr o fc o 
[0080] 044 ( a ) #BB 

04 4 (a) I*. ±tc©*ifc PL £*rr 
* I n G a N'*JMItt U -If ©mifc-ftai^li ( I - 
M$t±) £^-r0-C;fc9x 4 1 4. 3nm©®iCfcl» 

— tfSUS&ft fcitsmc^TSfc* t©-efcs o 

[0081] 044 (b)#BS 

044 (b) It, 044 (a) fc^UI nGaNf^ 

tfld. UtU<6Sj£ffijgJ»<D1 . 1{g. 1. 2 
1S> §RtW*. 1 . 3fg©m3S&3£Lfc«^©S£lS;£ll£ 
*-ft©T. Si£A<f.<fcSl3L/c&<oT£;aj|f8}£/>< 
ec^TfcO. d©^fif6i5^0 4 4 (a) 
I -L4$14lcS3ltS*>^©^HtfeoTtx5CfcA<» 

[0 0 8 2] ft*. I nGaNS*Iftl'- tflCfcUT 

it, n«ift«A^jfts-pfeofc»). irui*, }±\mmz 

ttJlrtlcfclf-Sg^K-y h (g^ffi) ^b/)<SB*LTt\.S 
f6«*^^si;es-rsfc#xe>tiTJ3 0 (ifes^e. 

If N Japanese Journal of App 
lied Physics, vol. 35, 1996, 
p. 2 1 7#JS) . SII^IC. InGaNfipCgfKv 
(i&Ift^liv Appl i d 
Physics Letters, vol. 70, -1 
9 9 7, p. 9 8 1 #i) $tiT\,M> 0 

[0083] Lfr *&Bm<DWPt<D&m. ±&o>m 

icjSHSrticfcif -sfflfiE^-tticest-i. P L bl—i? 

4l3Sofe©T, C©*«&0 4 5 $:#KB LTUi^-r 
[0 0 8 4] 04 5#88 

04 5©|$^^7li, 04 3 (b) lZ7jil,rzMl£&mz 
33lfi>P Lbf-^}^ft©t7. h^ATfeO, »f 
^^^71*0 3 4 L/c<t 5 ICH^Id V L 
fc^ftU-1flC^)t%-Citia)eid«t-5^^^^ h^KD 

lc^t^-a/)<^§e.4^. ^-j&UfSilltP L 

[0 0 8 5] ^LT. d©««;$-;&^MIi. L^l^ffi 
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mi&®& J ii SUMO d •£ * 9 K I - L 4$t4l3 fc If 

i§ta»»©&{t^©7fc^tfe© 

£<tl;:*,^fc*><£ki&> UTfc I n G 

*41-5 3t/)<aS(c:^i.o 

[0 0 8 6] ZOWZ. *f6BB,#^©f|SS©gl^ U- 
■*f#6tS<Dfetolc:(* 1 5 0meVttTCDPLt-^l^ 
<fii, I n$8$cttl333t,\T± 0 . 0 3 ©#^fflF»9 

I3«c£ <fc izm&TZ Z t tf&^Trfc 5 3. t A^jBJj U , 

»^90me VliTFlCU EP*> V I n$§fi£ttl3*>^T± 
0.0 1 8fe(Tlc:f ZZ.£i3<&mT-ibZZ£WmL. 
»3Sf3l*5 Ome VttTs ££13, <tO»iSCI±. 2 0 
m e V ttTld-T * C t A<S * L t\ 0 

[0 0 8 7] ^ e»(c ±ib©isi3 1 (b) 

4&&J&lUW*JIJPl3-3^T©IB©l;fcfc.2,t,©© x 

U— «fCl,fc»&Eli % ^©«fc£#T-a**©&0. ® 

*»j e> iffi-r -s h 3 3 i n t. © 7? & 5 o 

[0088] UfcftbT, *f&B8li, f-fh7-f KJMb 

&fa¥m&*m^tzffiiSiM¥mte u — tr © l £ urns* 

[008 9] 

[SS£g?j*-r*fc#>©#g] 3 3T, i$g£«;*-r* 

/cto©*K«:UiB^-r*A^ 0 1 testis 1 71^7 i^-r 

SJISfl<)48fiE©lttB^0Tfc 0 , ®2lig^#^« 
01 #KB 

( 1 ) t>fh7-f K*<b£fe¥4Nt&fflltfe 

i^{*U--tfl3;fcUT. )Si±S4$Jf^/)<3 nmtt±© 

#-©f«»^-u«^-r * >stfeji 4t^7«>Ki 

[0090] 3©«I3. (*3fc©^lffilcH LT;£t±JI 4 & 

Iiijs-©#j3j! x ^j$£;hfcuil-&i3liJ|L-©>Sl±JIi: 
-Ti>3£:(3«fc^T. >±Afi354*S*>Sfflr-2»3i:lC«ko 

L£^ffl8>-j&S&g J lk tf;*c£ <&&©T. >m/I4©J? 
£ £ 3 n m VL±izT2> Z t tfteWCibZ 0 
[0 0.9 1] i2#i 
0J*l£x ^-ftT^-i a^an 0 0 cm''i:'J<*t^l; 
I*, K?Uff G. A<*vt^-r □X«±B9-TU-- if 
SfciI£§l*S-r£ UtU<SSifc&&JiiB\ Ju (II) 
<Ju (21) <J» (3®) <J« (4J§) <J 

ti (sji) t&o. tmmo&mmtfmtm-s. >E&m 



[009 2] n6ttJ14i:^5'y KJI2, 6. IP 

Pf§J§fc©fai3 x 3fc#-< KJ13, 5, HI*. SCH 
(Separate Confinement Het 
erostructure) /I&iSI:r-5 3tl3J;o-t\ 

[0 0 9 3] (2) h?-f KJRfc 

JP£A<3 nmtt±©^-©fiJffil-U«jfiEt-*i:«l3, >S 

[0 0 9 4] 3©*fl3. 5gi4ii4«:7>K-7 p Jiii-rS 
3fcl3«fcoT. ^*&«!jmSl&'J>fc< LTIE?l©#»££ 
iSi&S3i:A<T& N ^*il3«fcoT v IE?l£«fc«?*3-l3» 

[0 0 9 5] (3) *^|* % ±|e (2) I3fcl> 

T, T>K-^©^««9igJg/)^ 1 . Ox 1 0"cm 

[009 6]7> K-7«®*6, ^nJJBBt)l3^|4^6< 

gfcLTIi, 1. Ox 1 0"cm"'*S|T-^tll^tXo 
[0 0 9 7] (4) *fc v **fl8tt % ±E'(1) *fctt 
(2) C6t\Tv f'Jf#®or>JP*A<6 nrnttlTfei^i: 

[0 0 9 8] Jti = Nn • d • e/r. Ti*i6e.nS U 
#l^tt«SKttttJutt % fiJifg©Jf^*<6 nmJA±©*§ 

-&iz±&-tzbK mmzit. vmm(DBi<<Dtgimz&v 

.i!&Tlf * Z fclck oT7t--/f- 7 d -nfa^WPT 
^35l*M'J>-rS©Tr. |iJ?#@©Jf^(i6 nmWlA'gJ 
[009 9] ( 5 ) ±15 ( 1 ) 7iM 

(4) o)i\-nxMzteu-z, mmm<Dm£%3 o nm«. 

, [0 10 0] 3 ©1*13 s ?iJW^©Jp*©igttl[3#oT^E 
- Kf'Jff G. l*igj!)0-r5/><> Ltt^eam^JuliJ 
ti = Nn • d e/r, I3tt^fi>©-U. JiA^tifcm 
;"3S«:*«Jl3;gfflT:$?,?iJ?#I©JP*©±Pg(i3 OnmT 
f'Jff/l©JP^(i3~3 0 nmKtSjrrtiCS&Uo 
[0101] (6) ifc. **B^(±, ±13 (5) \Ztil* 

[0102] ±iE©««3, fijft mom ^©ii*ni3«ti, l 

t ttttWKttA J a ©ig*D k\ L 1 1 x » 5 mtii. E 
' n©fiT(* hU- K^-7©BI€PJ3fe.S©-p, f"J?f^© 
i¥*dli3 0 nmiaT-e&l\*><. <fc0»ffll3(i x 1 On 
m*>g x BJ^ X 3nm^d<1 Onm0fil;^tS 
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[0 10 3] (7) ±ie d ) nm 

(6) oisrtiMztmx. m&mtxm k/i3, 5 

[0 10 4] zamiz, mmmommzrtVTmzwiit 

ZZtlZ**). KJ13, 5 0/OKtgjgfclifcM 

UT'JfOgSa^&ftT)^ KJI3, 5<DgfctfS*IJ;»?'J* 

[0 10 5] (8) it, ^S7-fK»ft 

[0 1 06] U— •fO^tf^ ciX (U&ne$m) 

miz. *mm% 2mizis&m-£iz. u#ivfg«3£ffigj 

11 £ <fc "9 ffi < tz z l % & o 
[0 10 7] (9) *&Wl*. ±<f h7-f KJfcfb 

1 S(D^A<6 nmtt±<D2^*fcli3^©fiJ}f/l$:* 

[0 108] SU\ EI2#gg 

u-irais&gitfi-r* usuttBseatt Jul** 

J« (2JI) <J„, (3/1) ^=J,. (1/1) <J» (4 
JI) <Ju (5/1) 

mmma&mmvm c*§^. « j»/i/)< 2 ixi* 
ssffie; j <> < t * c t a<t £ * o 

[0 10 9] (1 0)-*ifc* sWBWIii ±B (8) *fc 
(i (9) CfcUT* fiJi#S*7> K-^STfflfiJtSC 

[0 1 10] d©«ld. ^fim^#mij§>£13:/I£ffl^ 

rcmsizts mmm^T>h--ymizbx. 
[0111] (11)^ ±13 ( 1 ) Tis 

(10) ©U-rttAMCfcUT.. fijf#/14j!><. AI.Ga 
, In,-,., N (<!U 0^x<1 , 0<y£1 ) Trig 

[0 112] 3S;J6«^ftU— »f £ 
mmmtLTlt. GaN, InGaN, AlGaN.lE 
tMi. Al InGaNf©t-(h7-fKS(b^S 

Hl^. AI.Ga, I n,-.., N (fiL, 0 gx< 
1, 0<y ^ 1 ) /><«3§Tr£,£ 0 



[0 113] (12) ?W K$1b6ft 

[0 114] iconic , M«7fe?&e^(DS*(4§4>g 
[0 115] (1 3) £fcx *fHEI*.±l3 (1 2) \Z 

(Dps^^'v kjhw^&s&i msom^pommz- 

[0 1 1 6] ±4 V=y< Kfft^fiftfefflufeMQ 

[0117] (14) £ fc, *^(*. ±13 ( 1 2 ) £ 
fc(± (1 3) KfcUT. >S14/ii:nS^>y K/I&T/p 

<@^pffl47t*"-< K/I©&i&l?P*s.fc 
[0 1 1 8] t-fh7-f K&fl^«g¥S{*ldfc^TI*g 

-< K/I©m4?pi*afc p(W7fe**-f Ki©«^i^# 
< -r* c: fcir «fc ^-rs5i»7tssje»^i* pMir^Br *o 

[0119] (15) tfe, *$&0/3(i, ±13 ( 1 2 ) 71 
1(14) (Dls-ftlMZtm-C. iSttItnI^7f K 

^SVpffi«7t73-< KJIfciSilti. pfflTttf-f KJI 

<D/US£n£Bfc;*M KJIOJIBJ: 09 &4H9t 
t-Ti»o 

[0 1 2 0] Z.<DmJ:%ij-< K«it©#ttffrt±tt3fe#-f 
K/I-. BP£. S C H@©ip* ^^M^i-t-^dtict^ 

^»^lip(S4IC^»l1-*o 
[0121] (16) *^l*x ±13 ( 1 2 ) 7! 

1(15) <Dl\?tlfrlZtmT. nS^7f K^<D«©| 

[0 12 2] ngi^^'V K^©«$dw*a^p 

»*}7fe^e»^$:p«ll^ij!ir?.di:/)<T**o & 
J3, CKD^x n<W7t73-f KJK7)^*4^«St, p<W7fc*'-r 
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[0 12 3] (1 7) *$gl!Bli s m&m£LT& 

fccD-rtt* n«Mcj: otifrrs t znmtrzo 

[0 1 2 4] «?®*-Vt-7D-|»Jhfl)fe»l:, JStt 

■&<$£tiMa>'t"&ttMi!p& nfljci-t'tis c tin&s 
s t >mM©*<o<iis t & ns-a * -tt s ^ t $ -s o 

[0 12 5] (1 8) ±12 (1 7) IZ 

[0 1 2 6] ZOmiZ. n«|^*V KJ§©3gi|<l3Mg£ p 

mmx&mftiazpmiz&m-tzzttfT'Z, 

[0127] (19) **glH(*. ±B ( 1 7 ) * 

fcte (1 8) iCfcUT. n<MJI/)<a>fc< fcfc nm9cii<< 
KMTffctK C©n<8J3fc*T-f KJI©Jim£ pflBfctf K 

[0 1 2 8] CKD^t. nfljfttf-f KM©J§J?£ pifflft 

[0 12 9] (2 0) ±13 (1 7) 75 

1(19) ©IffftfrKfeUT* nfl!)Jia<'J>fc< Hn 

"TSo 

[0 1 3 0] ZOmiZ. ng^7'y K/I©£l$q?p*s£ p 

i:SI«-a^-ti:Sc:i:/)<T$-5o d©^*,, n 

nWlZLXt.0.^0 
[013 1] (2 1) *J6W(* N ±E (1 2) 7i 

M (2 0) ©H-rflAMCfcUT, M^#p«US©>Si±^ 
£fl$fi£-rS#j5jf A 1 . G a , In.-,-, N «B 
U 0Sx<1 , 0<y^1 ) TMJffijtetv&ZfcfcftSi 

[0 13 2] Z©t£fc. If 



^#F«^©>S^&8i/S-f S#FMi: UTIi. G a 
N v I n G a N , AlGaN, tfk\f* % A 1 I n G a N 
S$0>i-4 h^-f K%1b64biMlft. EPS. Al. Ga, 
In,.,, N «BU 0Sx<-1 , 0<y£1 ) ff*J« 

[0133] (22) *&IUJHu ^h7-( KJMtfefe 

WI nGaN«£l\(iGaN©l*-r;tl.A^S>&»5x §0, 
P«***-f K/I©^**«gA<1 XI 0"cm-'*jre 

[0134] zo>miz, *mtm&w\ xi o"cm 1 

*)S©I nGaNa£lx|iGaN*^^5piW3t*"'r KM 
SrfflUSCt ot, p fljStaW KM I' 33 It 5 * - ^ 

[0 13 5] (2 3) *^Bfll±. ±12 (2 2) li 

fcUT, pfld^*'-f KM#7>K--7M-C&*££«tt 

[0 13 6] C©«^«^*t«!iji^(i. Z> K-^M 

[0137] ( 2 4 ) ±12 ( 2 2 ) * 

felt (2 3) (CfcUTs pfi5^*W KMC#3lt4*-;b 
<D&Sh&1)K 2 cm' /V • stt±Tfc^^i:^SJtfc 

[0 13 8] C<0«t&fi7M«MftMIZfiM-««-^a) 

^susii. Bfs©*-^©}±A/i<ff ja-3 s ^© 

^ld#3t\r. U— tf*ffift<"Ifig(CJ&:Si:#x.6tLS2 
[0 13 9] (2 5) ^fc, *HBflli, 

[0 1 4 0] 3©«{d. pM*W KM©M»^nfiim 
^-f K^©^/lJ:«3Sf <t-2>dtlcJ:oT. pfly^^'-f 

titZ^X. ffiL$tx<S^>J5^J..©#^f*U— tf& 

[014 1] (2 6) ±-< K^ 

So 

[0 14 2] 3©«IC N pm*H4 KM©M1P«:0. 1 
Atm*)Sl3 x «fcO»®l'lix 0. 0 8/zm (8 0nm) 
WTIcir?.Cfcld<koT. p^3t**-f KMC&tfSIMB 

[0 14 3] (2 7) ifc. ±IB (2 5) S 

fcli(2 6) IdfeUT, p<W^73-r Kl(D^$(e^n 



(H) 
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[0144] zomz, p«53t*v vmommimszn 

[0 14 5] (2 8) ££ s *&fHI±. +4 Vz>4 VJk 

[0 14 6] znmiz, ^m^t)<7S\tmizmmr ass 

#T/Jv£<, pgg^y KJK3B8g-t-5giJ#T::*: 

#<4coTtxSp#Jit*''f KH£fflU£Cfc|3J;^T> 

[0 14 7] (2 9) ±|B (2 8) 13 

fcuT, p«i)7t**-r vmamm&mws&mz&it lt 

[0 1 4 8] ±12 (2 8) <D«fepfl!Bfc;tfW KJIl3fcl* 

gftrefcoT*,&<. 2Ji. sum*. 2mtx±<D&mm 

[0 14 9] (3 0) £fc> *$§BJ§(i, ±|B (2 8) 13 

fc^T. p«a?t73 -r Fmonffl&mbmmmz&it lt 

[0 15 0] ±12 (2 8) ©«& pfl!l3t*'-f KJ§ 

[0 15 1] (3 1 ) *SgBJ§fi v ±4 Y=?<i Kifc 
<b^*!)¥«f*£fflUfc¥^f*:l tfl3*>UT, P#l7fe73 

K« 3 I3|$jg*aflyi3ftfr o"C;£&B<J(3/h£ < feotU 

[0 15 2] 3ffl«l3, ««^<S^>m^lC^g t--2.fi? 

pmt^v Ymizmt£Tz>®uzfafr-?Tmmmz'k 

Wrop^Tt^'-r K/I£flH*S3fcl3<fc^T. *-;u<D;i 
7J3f**£&Sx*A,:?-;isW £ S Z 

y a - &B*it-t s z t wc z •& o 

[0 15 3] (3 2) *|gRj§(± N ±|B (2 8) 75 

S (3 1 ) ©urtuWCfcUT. pffifttf'f KJIfcfll/S 
-r£$l$q?SM©©'.h£fcJI/><I nGaN^GaN^ 

3 i:£#ia 

[0 15 4] Z0>mz. tf©^-/t-7D-^S6(j 
l3R*±t-*fc<6l3li^ GaN/AlGaNXIilnGa 
N/Al GaN|?®l3fc(t-5 AEc /AE, A<:*;£U<Z> 



[0 15 5] (3 3) aMftgtiU +4 h7-f K^<b-&«9 
*^#&fflU£^f*&*5fm3*iUT N #MSSrt©5S 
ttJf©7* h^5^-y-b>7 l j^CD7>^/)<9 Ome Vfet 

[0 15 6] (3 4) *Sm\£. ±12 (3 3) 13 

CD#:fii*><5 Ome VttTT-fcS3fc£4$&fct--S„ 

[0157] zomiz. m&&*m&i'—*fiztiisT, 
&}&m&mtitoMTz>titbiz&. &mui*i<D7£im<Dy 

dttfiagTrfc"?, <t»)*fiSl3li. 5 Ome VJaTl3-r 
£3£:A<S^ Lu 0 

[0 15 8] (3 5) *&*m, ±4 >7-f K*<b&fe 

¥^fc4ffiu£¥^f*5Bfcfr?i3*3UT. ttssrt©>s 

ttJI©lK{3iag£ 1 0' cm-'ttTi:tJ3i:^at 

[0 15 9] (3 6) *$SfBI*. ±12 (3 5) 13 

S3t\Tx &!SgSf*i©>SttJI<Z>l£{£S&&£ 1 0' cm'J.* 

[0 16 0] St*(D^S*^f*b—tfl3tJltSfe(4sg 
&(*1 0' cm 'S, mt>, 1 0'~1 0"cm"^ 

2. 3 £ 13 «fc o T P L t - * 26116)0$ 3 />< 
T#> ?-©fc«6l3l*, #«SgrtCD>i§1±Jla>$£tfc&jg£ 1 
0' cm"'ttTfc-r*3fc/><..&gt!fc«K »3SI3I£, 1 
0' cm 'tiLT. ±9«?&l;:tt % 1 0' cm't*TI3?- 

[0 1 6 1 ] BP*. e£*©Jg;^^«=b-1fl3fcUT 

li. t^7^ K^fb^*«f*i:<Dte^3£a<1 3 

%m&i=.n^iz±^t^y 74 TZtftm&tet ur^tx 

Ttxfefcto, tt*SSrtCD>Stt/I©*i{£&gl± 1 0"cm 

l3(^i^§U^t^tm^7^^Tt^-^.©7?. 3©«fefeli?&S 
$^<Po^Ml3-B:t-*l37 ; /WXfbA < iti&6.*lTtx/c:*<x ± 

^S^6«3%i:±*il3teilS^ti.-5S i CSMu*; 
tl3ii?, e<4^Jt$:1 0' cm 'J.XTl3. 'J>&<t 
1 0' cm-'gSfcii«M-ri.3:i:)b<Tt, 

[0 16 2] (3 7) ±12 (3 3) 7b 

1(36) GH*-f;h./)M3fctxT. JSttS 6< I n 6ffifi)tg 

^ i: ut^ 1 3 1 zftm t -r -S o 

[0 16 3] 3©«H3, SttltLTI n^ffifiSgfgt 
Wt^^^I nGaNfefflut^tfe, ±12 (3 3) 7i 



(15) 
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m (3 6) <D&ft£%fz-t ztiz&vc. m&stxm 

[0 16 4] (3 8) *$gl8l*x ?M h^-f K^<b-&«3 
t4Jf£j*«£-«±SPg©J&fl8&£0. Ijum/^lt 

[0165]t-fh7-f K*ft***«lf*:C*^Tttv 
>mJI£J$JI£-ti3fg©/&il*6jg£0. 1 

(0. 1 Mm/h)-UTJ:U&H&£l*« P Ljft^fl- 
=fc, BPS* P L»f|©*I$Mg|| tel's J* 
fiJiJgr,A<0. 0 7 5/zm/h©*§-&l;i(± N InGa 
N>Ig© I nffljjEtt£*£ < P L >£;g©tI2£<g?| 

[0 1 6 6] LfcidbT, 0. 1 /im/h«±©Jifcfta 
&£JSffl?-£C:i: P Lt:-^Sftg^fe9 Om 

fc. LEOt LTt,i*J|©*<e*S©&U*6&©i§Ufrfe 
*7t#^«:ll^-r -5 Z t #T * -S o 
[0167] (39) Jfc, ±13 (38) iZ 

[0 1 6 8] f&fkm&Z±\f*Z\t{ZJ:? 
PLK->»fl»«J:!)»<n^i:tf7fi, # 

[0 16 9] (4 0) £fz. *mm*. ±13 (3 8) IZ 

[0 1 7 0] ClCDttlCx J&HSgfcO. ZfJ.m/^X± 

©tt«tf);*:t«i: I n G a N $:fiitS*-ti:5^-&lCt, P L« 
JI©II3e<Ig©ig;*;j!><iec£-f\ miA< PLK->» 
&&1H<D1$IK mXlt. 9 Ome V JjlT©>51±JH 

[0171] (41) jfcfc. ±13 ( 3 8 ) 71 

1(40) ©urftAMClfclxT. atStLTSi C«« 
Sffll>5kftC, S i Ca«(0*ffi&i.y5 1 >y-r.SC: 

[0 1 7 2] >£ffil©$£{£&&. ItA^T, IgfiE^Kj 

%.V&®mz&.ftT&<DT-. tS^S^O'Jv^^S i CS 
«£fflU/c*§-&l;:t,x •^©«®^J:'Vf :: >y x mz. K 

itZZttfT'ZZo 

[0 17 3] (4 2) *SSSIlli. ±13 (3 8) 7i 

1 (41) ©nrftfrKfelvc* >£t*Ui6<I n&4Mfi£g 



[0 1 7 4] ±13 (4 0) KfcUTUttEUfciolc;. * 

mr i *m#ft&% : ¥-\zmzm$}i-z&z » 
[0i7 5] (4 3) ^--r h^-r mib-soi. 

*m&&m^rz¥mi*i'—*fizte^T. pmt>?v 

2m<Dfcmmi%m<jypm*mwm<Dmz. vmm& 
m<D*mm&mA,iz$>Mmy&T:mrfi-tz z t z&mt -t 

[0 17 6] ZOmiZ, pS^7»; ^may^ncjumm 
^v>rt>fflm£t£fr&t; z tiz£-oT, zofpmmizte 

£ lsTmtHTZZHZ£r>T, 7f-A-7D-f|3gl3|H 

[0 17 7] (4 4) Sfc v *S§BJJI;Ju ±12 (4 3) IZ 
fcUT. tpfSJ§6*<. «iU§©&»$^fT:«iJ*£*t* 

[0178] zomtcpmma, Jtui©»5**<i?!?«gJiT 

[0 17 9] (4 5) ±13 (4 3) 13 

fcUT. cp|Mfi<« 2 /!©&?£$?&<§© pSi¥«f*JI© 

[0180] zamiz, tpmrnz. u^momu&mft 

Hi*tii-&mT-ffilS.TZZ£\ZJ:r>T^ *-)UDpM?c 
[0181] (4 6) *f£Wlt. ±13 (4 3) IZ 

[0 18 2] Z©«IC, fp^S. »A«fiT«llftUT 

[0 18 3] (4 7) ±13 (4 6) Id 

nmtama&ft&mtf&mmz&ibLT^&zt&ft 

[0 18 4] C©«I3. *Sg&«fi£rSltS*i|^(i© 

m fc»#33^e©JSfc©ra©SiB^£^tf)Cg<t£ 
•tt-S^t(;J;oT. *-^©pfl!3t**-r Kil^©)iA$: 

[0185] (48) Sfcv ±13 (43) 7i 

1(47) ©txr*l/)^l3*5txT. fpP^Jl©rt©»«*J^ 

[0186] zomz. *mmo>f*i(D&&M&mmG>m 
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<D'J>tjt < 1 1, -gfl £ 7 > K - C-T -5 d 1 13 «fc o Tfe 

[0 18 7] (4 9) *SSHUt* N ±|g (4 3) 71 

I (48) ©U-rtlAMZfcUT, J&ttffi*ffO>JI&A 1 

G a N v *fcl\|i x Al G a N©l\?^nj^T-flifi£-r3 

[0188] aomc fcm<i&4m<Dm. bp*>, ps* 

aNTfitfiE-rSfchtlZs ^^Oi^InGa 
N, GaN x sjfcU(* x A 1 Ga N<Dl\-ftifrX-ffil$.T2> 

[0 18 9] (5 0) *«B^(i, K^-T K*Hb^*9 

n m *m t T Z Z t fctttt t r & o 
[0 1 9 0] d©til' v -h-i h^-f K*'fb-&*0#^f*l; 

'h£U©7\ ^Il?#P)S1tS$fifittS/t U 710) 
JP££i$< UTfc&^*yf#©$&±©4rF©r3MUfc*9* 
£<&&&!.*©•? x /KUySO^*«:5 nm*It UT 

[0191] (5 1) *fc,*««l*,±E(5 0) C 
nfflfiEtttfO. 0 4J5Lb©I nGa Nl3<t^T^fiJc^4x 

[01 92] zmmz, trm&?#p>%viimzffif$.Tz 

t< t£H1±©*fb/)<'>fc < 6S©T, I n G a N frSfe 
SM'J7^0)I nffl^it^O. 0 4JA±IC:*£ <r-5Cl 
t^fl, ^ftK«fc^TA'j;pJi<D|l?g©ia£&ffi<-r 

&W-tZZt:b<T-%& 0 

[0 19 3] (5 2) *&0/3l* x -7--f K^-f Kifc 

1. 0x10"cm-'*iSm;fcS1!iSStno 
[0 19 4] (5 3) *%m*. ±16 (5 2) K 

fcl^T. >St4JI©p<MI;:lSI*&xU£ hD>7D.^I 

[0 19 5] ±16 (5 2) ifctWi (5 3) ©«I3. JStt 
JI©pd!l(;:ISI*&Xk* hO>^a«/>?^$:^ti6^|jig^ 
. Ox 1 0"cm-*;ii(Z>JI, ftlc: x 7*> K-^JI 



[0 19 6] (5 4) *!M!I** 4-4 h7<f.K* 

pflflfctSltaxU^ \*n>-7uy$m<Dp%<»w$.[zn 

So 

[0197] z.<omz, jm^cDpfliiicisitsxu^ k 
\z&tt,mki>, wt>. &mmz&{t£-ttz,. m^i*. m 

&.mz&{t£HZZ.HzJ:iT, il/f hD>7ci.y£ 
Ifcpilv BP*. p«3fc#-f KJfi£nlip§3*-7«y K 

^tit«toT|^®lcfctxTfitoWSi:«c-l. J y7-©ft£ 
fc#P$-t3C:i:A<T:f*£©T- x *-;U©>±ASJ!l$A<E&S 

[0 19 8] (5 5) £fc x ^--T K54 K* 

So 

[01 99] 3©«c, >m^©pflyic:isit5xu^ h 

□ >^a»*I«)nll(D«i«:6HT, ^jy^fc®* 

A<1?# x *ftl3<fcoT#®l;:33l.vcg<6PSgi:fc-&/- >y 

****** *U fiP*lHtEEVfeiJi*<-r*::i:ft«-C#*o 
[0 2 0 0] (5 6) 7-4 h7-f K» 

<b#fe*^{* 6 ffl t u — if iz a t \T x . jSltH© 

pffiilCiSIJ-Sxu^ ha>yo-y ^iB©nfi4^V pffil© 

[0 20 1 ] d©«i3. >m/f©pffigici£iT3xt^ h 

□ >ya«y ^^©nfi!)&l/pfl!l©fS^lrfct>T, «^ 

t»»» pge«ic:^<b*-y:-sc:fci^«toTs xuHoy 
fJBfcpfflatror^ft^saw^s^csftd-ttic: 

fcA^Trt, ^*it«toTi35^©l!l®lc:j3LNrmte^Mi: 
«y^©fl*fe«:ttl*)i-r-SC:i:/)<T #-!>©T% 

©>£A^*<est«**ix ai*p@av«:/j^ <mfc*» 

[0 2 0 2] (57) 4-4 h 7-f K»1b«« 

IftltSxU^ KQ>^D.y^^(DMgigJ$€:7 x 1 0". 
c m KL ± 1 1 % Z. t Ik ii T Z 0 
[0 2 0 3] ZOmiZ. >S14^©p«!ll3lSlt*XU^ h 

□ >7"DV7l(OMglg$7x 1 0"cm"'Wltt 

•scitici^oT. h;i/©r?<ffi^e. N 

© * - ;t - 7 a - % Sft^fitj iztoffl T % Z t *<lr * Z a 
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[0 2 0 4] d©aStteerLt,W&6^ttfet\ft< N x 

(impurity conduction, s£uli N 
hopping conduction) ifculi h 

[0 2 0 5] (5 8) ife, *$&BJ3H ^ V=7-i 

T \ JSISaeDpfiyiriSltixu^ ha>zfnv>m<Df$. 
«SJ&& 6 0 0°C~9 0 0'Gt LtzZii^mtT^o 
[0 2 0 6] (5 9) ifcfc, *&BRlt. ±12 (5 8) it 

fiE^gjg t n &iz u z t &m t -rs o 

[0 2 0 7] CtD^llc xui? ha>7ay$m(Di3.S; 
SJg&x fi£*©fi£:g>gJ&-U&£ 1 1 0 0°Ci5^«fc»)® 

>mJI©J&^Sgfc|i?«©6 0 0 ,, C— 9 0 0•Cfc-^- 
3c:i:l;:«fc^-r. >£1S^IC;fcI*£5Bte5&g£«#K fi. 

[0 2 0 8] (6 0) *fg(BH ±13 (5 8) £ 

£1* (5 9) iCfcUTx XUi? hD>7'Q«y^eCDMg 
2§JgA<7 x 1 0"cm"'W.±lc:^i.J;-5lc:Mg$: 

[0 2 0 9] -roll's >m^©p^l3lSlt-SJ:U^ h 
□ >7"Q<y£JI©Mgagg/)<7 x 1 0"cm 'tt±tft 
* «t ? iZM g £ K-7-f 3 Z tlZkvT. Sg3t*-<^ h 

[0 2 10] 

l&W<D$m0)mm] CCT, E3 73MIII5£#fiBL 

§ UffifKft&g J » «:®^*-ti:5*flW0)^ 1 ;&T/Sg 2 
©^JS©Jfc!g£l8I8-rs 0 £?\ 04&#B8UT*flW 

©sg 1 a>mmmmo)m}&^mt^^ -vomw^mfS. 

ftHmr«tWz, El 3 £#SB LT*f^8©^ 1 ©HJ6© 

[0211] 03#fiB 
0 3d JSttSfcUTI nuiGainNI^K ® 
14Jg©i5WMfcJ¥£ 0 . Um©Ga Nfttf'T K-JB&N: 
Itv ^©rEiMliA 1 i n G a • » N £5<y KJI£ISI*k 
^o© L ftitltmt J u©>£1±Jl©JIJPfl<?*1£©l+ 

[0212] mfrzmz fru&oiz. fg&m<Dm$i)<3 

r#/Jv£ <&-&©-*!. USUt7i;i-5ifteE' »A<± 
#UTU£ufgfi3SfflKJ, k j!><±#rt£o fe*>\ Guli 



[0 2 13] -^ BS^A<6 nrnfeLtTli. J«t=Nu 
• d • e/r, ©M&fr&. Ll* l\<gH35&& J ul*± 

□ -/><*$ix©t% ^^liftn^itT^Ciito&isjira 

3 0 nmttTtTttiiXSa$*«ll:SffltSCi: 
[0 2 14]H4#Rg 

)klZ. @4&#S8UT*&W©Sg1 ©ft*t©Jfc!8©¥^ 
#U— tf©Sjjfixa^ta#lrittB^-5A^ *f> (0 0 
0 1)®. gp^x cIS±ffifcnA*g©6H-Si 
Cfr&&5nSSiC11S1 1 ±lz. TMG a ( MJ .* 
^btf'J^A) N TMA 1 ( h'jy^^7'^5-'I» 
A) x 7>=E-T, +t'J7«i:LTfl)*^ 

670~7 60Torr, Wx.ll lOOTorrt 
U JiX:R>ae£ 8 0 0-1 20 0°C. Will, 9 5 0°C 
t LtzttBT:. f*50~300nm, MX.lt. 1 0 0 
nm©Al GaNM'y7?I1 2% 

[0 2 15] 3I#*£UT. TMGa, 7>^7, R 
V. **>)T1iX*misT. flcflEE;*j£7 0-7 6 0T 
o r r , MX.\i. lOOTorrtl, fi£:H>&g£ 8 0 
0-1 20 0"C. MX.lt. 9 2 O'Cfc UfcttfST. 
0. 1~2. Wxlix 0. 5Mm(DGaNffl 

€1 3£j&ft£-ti£ 0 

[0 2 1 6] l|?it»T, TMAK TMGa,7>f 
-T, K-;1>hfcUT, S i H,, +i»'J7'*' 
^tUT©7Km«:ffltvT, J5£:£EE;b£7 0~7 6 0To 
r r , Wz.\£, lOOTorrtU f£Mi&g.£ 8 0 0 
-1 2 0 0 o C, WxCf . 9 5 0°Ct Lfctt^T?. 
0. 1-2. 0/zm N WxIS, 0. 5//mT. ^tt^ 
JgftM .0x1 0"— 1 . Ox 1 O ,0 cm \ mX.it. 

1.0x1 0"cm"'fl)nIAl i.iGa«ii N^^>y 

KS 1 4$rfi£^^-tt?, 0 

[0 2 1 7] ?|$iUT, TMG a, 7>t^7, R 
V, +V'J7'7)-^tUT©7Kfg«:ffltxr, «^ff*^7 
0~760Torr, 05x.lt 1 0 0 t o r r i: U f£ 
SSje^8 0 0~1 2 0 0°C, mX.it. 9 3 0'CtL/= 
ttlT%f*1 0~3 0 0nm, Wx.ll 100nm© 
7>K-7GaNM-f KH 1 5 *&LMis1k2>o 

[0 2 1 8] 3I£«^UT, TEGa ( h U x^Jktf 'J 
A) x TMIn (h"jyfM>vvi») . 7yt- 
7, M, *+'J7^i: LT©if&ffll»T, fiE^E 
*470~760Torr,Wxll 1 0-0Tor rt 
L, ^£g^5 5 0~9 0 0°C, MX.lt. 7 0 0°Ci: 
UfcttST, If * 1 — 1 0 nnru MX.lt. 5nm(D7> 

K-^I nt„Gaou NJKVTmT-t%tt£tirc.m$ 3 
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~30nm, MX.lt. 8nm©7>K-7I no.ii Ga 
..•I N#pJI/)^«e.&SQW>£tfeJi1 6&j&K£ii:*o 
[0 2 19] ?I^UT, TMGa, 7^-7, tTT. 

7tl/T©gSSffllM, J&Rff:*jfc7 0~ 7 6 0To 
r r , 05xl£, 1 OOTorrtU JSKi&g£ 8 0 0 
~1 2 0 0°C, MXlt. 9 3 0°ChLfcttfgT:, J?* 1 

0— 3 00nm, tfjxlf, 1 OOnmT?, ^HWM&t< 
1. 0X10"— 1. OxlO"cm\mttx 5. 
0x1 0"cm'fflpSGaNM-f Kg 1 7 

[02 20] 3I#^HT, TMA1, TMGa, 7>* 
-7, fcTT. v £ O - JU v ^ A , SV, 

7 6 0 T o r r , 0J;Ll£, lOOTorrtU J&gJg 
Jg£8 0 0-1 2 0 0°C, MXlt, 9 5 0°Cfc Lfcttfg 
Tr, A?£0. 1~2. OjUiti, WiK. 0. 5jum-C, 
^tt^iagtf 1 . 0x10"~1. 0x10" cm", 
tfgxlf, 5. Ox 1 0"cm' , (DpfiAli.iiGat.ii 
Nf^vh^l 8£j&ft£-ttS 0 
[0 2 2 1 ] 3l£t£UT, TMGa, 7>"E-7. fcfT. 

xtLxomm^m^x. mmi±ti$:7 0~7 6 0 T o 

r r , MX.lt. 1 OOTorrtU J5R^jg££ 8 0 0 
-1 2 0 0°C, Mx.lt . 9 3 0°Ct UfcttfgT:, JP£ 

0. 1—2. 0/j.m. mX.lt. 0. 5jttmT\ ^FttUiiS 
Jg6<1. 0X10"~1. OxlO"cm\felt 

1. 0x1 0"cm''fflpSGaN3>*^H1 

[0 2 2 2]*1>T, n£!SiCatS1 1 ©SiSlClin 
IMtt&fc l/TS* 1 0 0 n mCD N i Sfig 2 0 fclStt-S 1 
&IZ. pSGaND^^ SJI1 9±(3(ipffiiJfi©hL 
TJ?£1 0 0 nm, *IWjb<1 0/im©Nitg2 1 £iS 
It, ««fS^L/)<7 0 0Mmi:«:*«kolC^»i«Jt--2. 
CL4:irJ:oTSQ WflSigSljiSJI* U - If A^jJT 
So 

[0223] zomz. *§t*m%i\ (Dfmnmmizti 

l^Ttt, Se*(D^IC:J5UT)£1iil«:m-(DSQW4SJg 

1- T 3 CI tld«fc-pT;±Am>'35^*Ja)l^iJffl-r?) C ttfT: 
#, #Pl, 01^, *'Jf#JlCDJP££8 nmldf-S 

tttiz. 3te^/-r h-m*m^zzk.iz&K>yemb&tb$))& 

[0 2 2 4] Wt» *iJf#JIa>JP£ $ 8 n mtfS^, 
*Vtf^-f □^ft<'J»*l^-&i;(i > 4nm(0#PlS2 
JItSltfcM QWfi&JgJ; Ot, 8n m©#Pl$gltfc S 
Q W«Ji£D^*< L £ U<gm2£&& J » C t *>< 

Tt, *fe#«f K^A<«et\t^i;ii46^Scr*</jv 



[0225] ftfc, ±ie©^i ron*£©^©ift^ic:fe 

HTIi#f3/I, EP^fiJf§e<DJf*li8 nmT-fc^tf, 0 
3lz:HUT|ttWUfe«k-pt, 3 nmJiU:T-fc;h,(f&<, 
»mzlt 6 n mttltfMJ U < , >£A@;££*faft 
l'Jffl-rS/c^l3l±3 0 nmWTtfWJg-IrfcO. «k»)»JS 
131*1 0 nmsfcJSCDteffltfS* U*o 
[ 0 2 2 6 ] &I3, 0 5 LT*$8B.8tf>fg 2 <Df|S£ 

©fg<8<D M Q W«j&^f* V - Hf -T* o 

±ie©^i<DH*£0m^tiii«ic. (oooi) 

®, Wt>. c®££®fcfS7 , v2rJi<D6 H-S i Cfrt> 
ftSnSSi CStS1 1 ±13, TMGa. TMA 1 , 7 
>^-7. RV. ***)7iSXbLT<D7)(.W;£fiLmJSX 
tLTlUfcMOVPE^ioT, f£MKt>&7 0- 
7 6 0 T o r r , tfljltf , 1 OOTorrtU f&ftiS 
Jg&8 0 0-1 2 0 0°C, MX.lt. 9 5 0*Ctlfc^ 
~C. g*50~3O0nm, MXlt. 100nmOAl 
GaNA»;77j|1 2$:fiE^^-tt?. 0 
[02 2 7] 3l£*£l*T, TMGa, 7^-7. R 
V. *-*V71jX%misT, fi£H£E;k&7 0 — 7 6 0T 

0 r r , 0gxli, lOOTorrtU 8 0 

0-1 2 0 0-0, mx.it, 9 2o°ctLrzttmT', ma 

0. 1—2. OfMm.MXlt. 0. 5//m<DGaN^F5 
S1 3£fiJ^£-ti:5<, 

[02 28] 3I£|^UT, TMA1 , TMGa, 7>=E 
-7. K-/t>hfcUT, S i Hi, RZf. *t'J7# 
*fcUT©Hi Sffll^T, J&ga;*}£7 0 — 7 6 0 T o 
r r , MXlt. 1 OOTorrtU, fiJtSigJg* 8 0 0 
-1 2 0 0°C, MXlt. 9 5 O'Ci: LfeWfiS"?:, 
0. 1-2. O^m, MXlt. 0. 5 AtrrTU, =F^2g 
J^6<1. 0X10"— 1. Ox 1 0"cn\ MXlt. 

1.0x1 0"cm''fflnSA 1 on Gain N ^"y >y 

[0 2 2 9] ?|?^UT, TMGa, T>"E-T, & 

0~7 6 0Torr, 100TorrkU« 
S^je$:8 0 0-1 2 O 0°C, MXlt. 9 3 0°CtUfc 
ttfilT, ff^ 1 0 — 3 0 0 nm, MX.lt. 100nm© 
7>K-7GaN**W Kg1 5%f$.m£ikZo 
[0 2 3 0] 3I5^L\T, TEGa, TMIn, 
-7. Rlf. **V7fiX£LT0)mm. f$.&Kj]%:7 
0~760Torr, MXlt. lOOTorrtU f& 
#?SS«:5 5 0~9 0 0°C, MXlt. 7 0 0°Ct Lfctt 
1ST?, m$ 1 —10 nm, MXlt, 5nm07>K-7 

1 n«.«s Gao ii N/t'J 7'MtJld 3 — 1 0 n m, 0!lx. 
If, 8nm(D7 7 >K-yi n...(GaonN#F^^^ 
SldF> K-n n t . nGa.ii N#^*<2XI*3 

g, 03X.IS, 2glC7&?,J:-?lc:fiE«*-tt, MQWJg^Jl 

2 2£ff£fi£-r3o 

[0 2 3 1 ] ?|^^tvT, St/^1 a>*]MiO}B®t|5j«| 
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I3x T M G a x T>=E-T. U^ls* zSJL—)\, 

T^*v-7Ax RU. VTrtxt LTommzm^ 

t, J&RE*& 7 0 — 7 6 0 T o r r x 09*1* x 1 0 0 
TorrtU J&gS&g£8 0 0~1 2 0 0°C N 09*. 
(£x 9 3 0°Ci: LfctffgTx JP£ 1 0~3 0 0 n m. 09 

1 0 0 n mT, 1.0x1 0"~ 

1.. 0x10"cm\ Wx.lt 5. Ox 10" cm"' 
G)pSGaN5t*--f KA1 7&j$:ft£-ti:£o 
[0 2 3 2] 3l#$£UTx TMAK TMGa. T>* 

*+ , jj'jsz£.LT<Dmm£m^-c. 7 0— 

7 6 0 T o r r % 09xlix lOOTorrtL, j&g>g 
g&8 0 0— 1 2 0 0°C, 09x(£x 9 5 0°Cfc LfctffS 
f*0. 1—2. Oium, 09x.|* x 0. 5£imT, 
^*&*!>il£ft< 1 . 0x10"~1. 0x10"cm\ 
09xf£x 5. 0x1 0"cm'©p§JAlt.ii6ai.ii 

[0 2 3 3] 3I£SH%T. TMGa, Tls^-T, fcTT. 
v £ □ >^ v JC - ;u V y * v 0 A , Xlf. 
XfcLTO^$:fflt\T x fiSJIEE;*j£7 0 — 7 6 0To 
r r N 09x(*x 1 OOTorrtU f£^>gjg£ 8 0 0 
— 1 2 00°C, 09x1*. 9 3 O'ChLfcttfgTN J9£ 

0. 1—2. Oyurn, 09xlix 0. 5 AtmTr. ^fcfct&JiH 
jg/)<1 .0x1 0"~1 .0x1 0"cm \ 09xl*x 

1. OxIO'cm-'CDpiGaND^^nnfe 

[0 2 3 4] JfcUT? % nSSiCSfiiil IfflgfflClin 
«98&fc UTff£ 1 0 0 nmON i m®2 0 £181* £ i; 

pIGaN^>^^M1 9±|3tep<l9fi&£:U 
TS*1 OOnrrK *IWft<1 0Mm®Nigg2 1 £IS 
It. ttffitsfi L A< 7 0 0 At m tfc* «fc d Kjft^gJ-f-S 

[0 2 3 5] CC7>4fl3x *flW©^2©S|*£©mg|lC*J 

l^ZhK ±KECDHI2^&B^e./)^«t-5l3. ^t^r^O 
XA^^l^^Jdl*. *iJftJla>*§JIipJ!)<|B| UTrfetltf^ 
»©f"MJn:ffij£ Lfc^*< U £ U{Sft35S£ Jti &t£M 
■fiZfc/JfClN £fc x Bfi$<DE3 0fr£l8£frfc«fc-3 
13, #F/l&275S3(3-rS3i:l3«fcoTx ;iAS35£ 

mmznmr * .3 t i? % ^i3«k t $ umm 

[0 2 3 6] 09x1*. *%W©^2CO||j5fi<Dff5®l3j3U 

«l3^77-f Tffl££fflU£i§-&|3li, Kv-f • x.«y^ 
>^l3«t^r#i6Sl®4jefiEUTt^fci6+^t^-r □ 
Xtf*!* <fe^(D1r. 3©««e^-&l3tt, fg2©f|i£© 

[0 2 3 7] fcfcx ±te©^2©l|j5£(DJfsffi(D|ft^l3fe 



UTIix #pf, H1^ N ?iJ{#JI©-JI©JP£l£8 nmi! 
fc£tfx E]3l3HUTittB8Ufc«fc?l3x 6nmtt±Tfc 
•SCt^tfaTfcO. LfctfoT, 6 — 10nm<D&H 

[0238] JJl±, *&BJ§©& 1 RT/m 2 OKtfcDJ&fig 
fcifcBJJ LT!*£6<x *&W(iXtt(D£fBi;:Bttlfettrt 
KPIkftSfcCDTIifc < , ^<Z)ttifi©®<Z>effll3 fcUT 
#tt<DgM/>^Jfrefc 0 , 09xliv ±ie©mi&V»2 
C3fiJ5£(Dfl*fgl3*H>Tlix fijff^t LT I n. .„ G a 

0 n N^tsgfflLTU**^ i&Si:-r*jAftl3tt;L;TjgS 
tt£ A 1 ■ G a , In N ( 0 g x < 1 > 0 < y g 

1 ) ©efflrtTg!xTt,^lNt(DT:fcO> B.L ^*U3 
#oT. 3t#-f K1M^7 7 K«a>SAtt&A 1. G 
a i I n .-,-» N (OgalK 0 ^ b g 1 ) (DiiA 
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£?. ±I2©m6©llfi£(D^tPl«ir, (0 00 1 ) 
®v EP^s cffi^iatti A* a B a© 6 H - S i 
&5niSi CatR2 1 1±I3. J?£5 0 — 3 00 n 
rru mx.lt. 5 0 nm©A 1 G aN/tv77l2 1 2 X 
J?£0. 1-2. 0/jLm.mx.lt. 0. 5AtmT%:f*6 
4&>a§J&/)<5 x 1 0"~1 x.1 0"cm\ Wz.lt. 2 x 

1 ©"cm'^S i K-7fflnSGaN^12 1 3. 
&l/,J?£0. 1—2. Oum.mx.lt. 0. 5/im 

^&Vom&to^ . 0x10"— 1. Ox 10" cm 
".mx.lt. 1. OxIO'.'cm'fflSi K-^fflni 
Al i.uGa..«N^^y KS2 1 4 &/£g£-tt.&„ 
[0 2 8 8] 3I£^UT, m$t. AM 0-3 00 n 
m x 0jx(f> 1 0 0 nm®7> K-^G a N*#-f KI 

2 1 5&J&H;*-ttfc<D*,s 1 -1 0 nrru flitl*. 
5nmffl7> K-^I m.iGa. is N J \ U 7" JlT&ft 
£*tfcJt£3 — 3 0 nnru 04x.l£. 5 nm©7>K-y 

1 n,. s Ga.. 1 N#j5JI£fiX:R<*-ti:T. SQWgttI 

2 1 GZBffcTZo 

[0 2 8 9] ftHT. H£ t, />< 1 0 0 n mW.T\ 0Sx. 
I£> 8 0 n m©7'> a N3t*'-f KI2 17,ff 

£0. 1—2. Oum.Mz.lt. 0. JF$&*J 
iggAM . 0x10"~1. Ox1O"cm\0)i 
If, 2. Ox10"cm' l ©Mgh , -7©pSAlui 
Gam N^5«y KJI2 1 8, Slf, Jl* 0 . 1—2. 
Ojum, 0Hxtf. 0. 5AtmTr, =F**#Ji§J^ 1 . Ox 
10*'— 1. Ox 1 0"cm"\ mXlt. 1. 0x10 
"cm"'©Mg K-^pSGaND^^ MI 2 1 9 

[0 2 9 0] ;)[UT!, nSS i C«tS2 1 1 W^HCIi 
n^H@hUTff* 1 0 0 nmtDN i m&2 2 Ofelgl* 

Stttic:, pSGaND^* h^2 1 9±inipfl!im 

StUTil* 1 0 0 nm, gWft<3Mm©N i I|g2 2 
1 £Klt. tt«S^L/)<7 0 0Atmt&?,«t-5tm^ 
StiltCi^TS Q W«|jS^*^*^f* U — «f 

[0 2 9 1 ] C©^7©SI«S©^fiH333^Tli, pfiW* 
*W KM©^Jpt, £nfitt*V K^©^)pt. £*)M 
<.ai*. t, <t. fcLTUSffiT, p<B43t**'r 

ffiMf * c: fc 6< pltsidfc -5 o 
[0 2 9 2] 4#IC. p<!H#:tf-f K/I©JlSt, £1 0 0 
nm*)S (0. 1 Mm5fc>1i) 13, i »?»5§l3l*0 . 0 8 
AtmWT (8 0nmtilT) l3UT^<T5 3tC«fco 

t smmi&&& j u & fiat * 3. h *< aim\z «c s „ «e *>\ 
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ptiBteav Kg©gj?t, />< 1 o o nm*>g©*g^i;: 

I*, t, =t. tLT<k&.<. ^hlZ&vT. &#-r k 
[0 2 9 3] ££ x <I©l®£©p<ll*#>f KgiiniBBfc 

*Z <te**. ; ?iz&i&.£tSi&T2,zbizJiz>T. a^© 

■< K^©«^*S*<p#j7t*W Kg©?gii«!?g*i.fc>):*:# 
< £5 IZ&r&ZiSiTZT & Z tlZ&^T . pmXii-l 
Kg©i§gfcl;:#-?3fc73-f K8ii©#*ffiFt±£*iIE-r-S 

[0 2 9 4] Z\<DtS7<Dni&<DmmiZjSl\T:it, 
pfi53t*V KgfcTi'K-nciLTU*©-^ ±iB©Sg 
6 ©SgJfc©flSS§ i: H^f©* - )lr&th$iO>fi±<DiDim*, m 
e.tl5A<, dO^-&l3l*x Pfl47fc*'-f Kg&p£5l;: K- 

[0 2 9 5] fcC* 01 1 £#fi8UT\ *^©^8© 
mffiWmZs&tyTZo 011 (a) (i. *S&BJ1 

<om 8 ©Hit©ffS.«© S Q W^Sf* U — «f ©fcMS0T:fc 
0. Sfc, 014 (b) (*SttJKfi»a>/t>K • «y 

^4SJ§x in^. e^^wroi^^^-u^^s^-rt,© 

^fc. -©^8©H/i£©Jf5®lc:a3UT i fex nfifl 
K»Rtf pflBfctf-f Kg©8fia«.*Ui±te©S&6 
©fiJfc©^jgtl5«l^trt:;fe£©T. SUt^l3B3f-5 

01 1 (a) #fig 

**\ ±w&o>Wi6<Dmmo)jimtmmiz, (oood 

cS$:4Si:t5A* a B a 06H-Si Cft^ 
&5nSSi Ca«2 1 1 _hlC. 5 0-3 0 On 
m. 5 0 nm©A 1 G aNA'y77l2 1 2, 

^£0. 1—2. O/xm. 0iz.lt. 0 . 5/xmT-. 
*5ag&jb<5 x 1 0"~1 x 1 0"cm\ 2x 
10 "cm"'© Si F-7(DnmGaNfpfflm2 1 3, 
f*0. 1-2. O/im, Willi 0. 5/zm 
IN TOMJriMfcft* 1 . 0X10"~1. OxlO"cm 
"\ Mz.lt. 1. Ox10"cm''(DSi K-7(DnS 
A 1 inGai.ii N^7vK12 1 4 £;&g£-ti;.S 0 
[0 2 9 6] ?l^iHT, I*10~100nm, ^x. 
If. 5 0 n m©T > K — lo.iGao.ii NfttfW K 
g2 2 2 X m$ 1 0-1 0 0 nm, Wxlf, 5 0 

nm(D7> K-7"I n... Gam N^tii-i K12 2 3 
£JE;*/&H£-e:fc©^ JP2 1 -1 0 nrru Willi. 5 
nm«)7> K-:/I n»..i G a. is HJ\*J7mnt%ft$ 
ftfcJ? £ 3 — 3 0 nm x 08a.l£, 5 nmCD7> K-^I 
nuiGa. li N#/=g£;&g£-t±T, SQWJSttS.2 

1 ezmm-rzo 

[0 2 9 7] ip£1 0 — 1 OOnm, Wz.lt. 

5 Onm07>K-^I n...» Gam U^tti-i K12 

2 4,SI/ X m$ 1 0-1 0 0 nrru Wz.lt. 5 0nm 



T, TO&qMMfcflM x 1 0"~1 x 1 0"cm \ m 
It. 5x10"cm'(DMgK-7OpIAl... 1 Ga 
•.nN%#<f Kg 2 2 5. Jf £0. 1-2. O/im.^j 
xtf, 0. 5/imT, ?F««9iiJ^/)n .0X1 0"~ 
1. Ox 1 0"cm-\ Wz.lt. 1. 0x10"cm-' 
©Mg H-^pSAluiGaiuN^'y Kg 2 1 
8. Rlf. m$0. 1—2. OAtm. Wz.lt. 0. 5/z 
mt, ^*feWjgj£A< 1. 0x1 0"~ 1 . 0 x 1 0" c 
m ' N mz.lt. 1. Ox 1 0" cm"'©Mg K-^"©p 
SGaN3>^i? hg2 1 9^fi£ft*-tt?.o 
[0 29 8];JCUT, nSS i CSt£2 1 1 OftBKK* 
nWM&t UTm$ 1OOnm0NitI2 2 O^iSI* 
Ztmz. pSJGaNn>*£ Kg 2 1 9±lrlip<Wm 
SifcUTfd 1 0 0 nm. *8W#3 jitm©N i f|&2 2 

1 £iSI*> #t«g|^L/)<7 0 0/x mi: fc£«fcd ICSES' 
fflf^CtlCt^TSQ W«S£*s;#H*5S*fc U - If A<5£ 

[0 2 9 9] 01 1 (b) #fi8 

C©SfS8©Sgj&©)&?Bl3fcl*T(;j:. nffijTt^'-f Kg&tf 
pfl<Bt:tf-f Kg*><**gfcl?i?*g©gfc£> 2g48&A^& 

*). b.-o. v vmzmm+zwomw&iia&xz < 

UTl\£©T, pflg#*M KJI«mr« PSA Ilii 
Gam N**/^ Kg 2 2 5 tf^f 

a-m±mtL-ctmmL. is—v&miz&mttxwb 

i&#>£8g«Lo^ pSAluiGaMiN^Kl 

2 2 5s£ulip£!£-7«y Kg^©ft^© U - ? 

[0300] &ts. z<ome<Dmn&ommztiisrit. 

«*!l^*i©«fct)^t*:p«!l7t*V Kg^pSgT«|fi£b 

t^s6<, ±ie©^6©sl^s©J^^tll)«l^^>K-^ , 

g"U4SfiEUTt^< . ^*i.l3«fcoT, /Jx-^©f?i*je$ 
*S<t5it«l. pfl«7fe*W KgiEtMi 

nffiij^'-f Kg$:3gJ-X±©^*S^-UffifiitLTtA 
<v ^©*i^l3li, p«Jfe*'-f Kgtn<W3fe**-f Kg© 
g»l±|al UT-«: < Ti&l^o 

[030 1 ] 01 2£#H8LT, *^©^9© 

IU5£©}fJ®«:UiWr-l»o 01 2 (a) li, *HB^ 

©^ 9 ©n*s©fl5fg© s qw^# u -v (omm-vti 

*). 01 2 (b) liS1±ga»©/«>K • =P-V«v 

"CfcSo Sfev £©ff5 9©HjS6©fl5fgtev nfi53t*W K 

g©ffi^w^»±±iB©m 3 onmnj&m t mmx-& z © 
■v. m^imizmT?>mmit^T^o 

0 1 2 ( a ) #J& 

St, ±I5©SS 1 ©H)»©fl5fi8tl^«lC. (000 1 ) 
®x Sit.. cISiffittSA* B B ai»6 H-S i CA^S 
&JnSS i CSS21 1 ±13, m$5 0 — 3 00 n 
m> 09x1*. 5 0 nm©A 1 GaN/?y77§2 1 2 N 
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Jp£0. 1-2. OfjLm.mZli, 0. 5Annt\ ^« 
«5ii^A<5x 1 0"~1 x 1 0"cm\ mifx 2x 
1 0" cm"'©S i K-7fflnSGaN(|iS3@2 1 3 N 
;&tf x J?i*0. 1~2. O^rru fllxlfx 0. 5/xm 
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If, 1 00nnnOGaN^KI2 2 6Sfi!clitfc 
<D*>, J?£ 1 ~ 1 0 nrru tfUxlf, 5 n m(D7 7 > K— :/ 

1 n...iGa...< NAUZ/I7:tt8£;h.fcl?£3~3 0 
nrru tfflxlfx 5nm©7>h"-7lni.uGa l .nN 
#/5JI£/&ll«*-ttT, SQWSSitl2 1 6£fl5fi&-r&<, 

[0 3 0 3] 2fci*-c % f*10~100nm, 0S;ilf, 
5 0 nm©T> K-7I ni.nGai.ii N^t*'^ KJI2 

2 4, M> J?*10~100nm > fi»|x.tf N 50nm 
T% ^HV»m&l3<1 x 1 0"~1 x 1 0"cm \ 

If, 2x 1 0"cm"'(DMg K-7"©pSAlooiGa 
mi N3t*"-f KJ12 2 5, m$0. 1-2. Onm, 0g 
xlf. 0. W8)aI£A<1 .0X1 0"~ 

1. 0 x 1 0" cm\ Mx.lt. 1. Ox10"cm'' 
©M g K-^fflpSA 1 in G a on N^77 K12 1 
8. Slf, J120. 1-2. OAim, mit .0. 5 m 
mT-. ^m»i&m.1f 1 . Ox10"~1. 0x1 0"c 
m"\ 03xlf x 1. 0x1 0"cm"'(DMgK-yfflp 
IGaND>i'^hI21 9£fi£H£-t*-&o 

[0 3 0 4] ;^txT, nIS i CSS2 1 1 ©sffiKlf 
nmmmt LTm£ 1 0 O n m© N i 2 2 O fciSI* 
JtW:. p!GaN3^^M21 9±£(*pjm 
®£ LTJP£ 1 0 0 nm„ «©WA<3Mm©N i 1^2 2 
. 1 ftl)gSSfiLA<7 0 0Mmfc«:S«k-5l^^» 

sir* C tlZ& S Q W«ig«»«^«(* U — «f 

[030 5] 01 2 (b) #88 

-m-VffifS. LTt»S©7rfiE^XS^|g-r^ Z fcA<7r 

fio, Z©nflfcfc#-f KJI©fflj££ p<W#;tf-f KJI 
©tfP B 1©^©|^*<f#^n-5SifiRt UTt^©Tr. 

[0 3 0 6] Z©«^Kfc N pflfcfctf-r K^*«jfi£t-* 
pSAluiGaoii Njfctf-f KI2 2 5 tffTFI'ttT 

2. r-/K-7Q-R*±^i:UTt,tStSgr-S©-U, U— »f 
^t6lC!0g«e?tE8i;iii6&«S«U-D^. pSAluiG 
a. » N3t*'-T K@2 2 5l£lWipS!*-7'y KJI^©.t 
^©U-^$:l£i)S-r*CtA<tr$ x ^*llC«t^T, ftftft 
fl35«:M'J>t-Sc:i:A<'U$-&©7rs LglMSSSSagJ 



[0 3 0 7] C©^9©Hife©M^fcUTt,, 
g$^I©J:D*£&pflBfc:tf-<' K^&pM®T4fjfigU 
TU-Stf, ±IB©^6©SIJ£©^i-|^#^T>K-y 
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JE©S&1 0©HSS©^©©SQW*^<*b— tr©$4«0 
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tf7«SS^tt.©TfeS, d©l&1 0©Hj5£ 
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4&>igJgA<5 x 1 0"~1 x 1 0"cm"\ MiLli, 2 x 

1 0" cm"'©S i K-7fflnIGaNWai2 1 3. 
JP^O. 1—2. OAtm.0Hx.lf. 0. 5 /Mm 
Wtoig&/)< 1 . 0x10*'~1. 0x10" cm 
"\ mz.lt x 1. Ox10"cm-'(DSiK-7fl)nS 
A 1 o isG a.n N^^«y K^2 1 4^fiE^^-ti:* 0 

[0309] ?l&g|t\T. TMGa. T M I n N TMA 

1 x T>^E-7', SZf. *i''JT**7.i:LT©7km^ffl 
t^T. flE^ffi73fe 7 0 — 7 6 0 T o r r x Mz.lt, 1 0 

OTorrtU fiESJgJ^S: 8 0 0— 1 2 0 0°C, 03x 
If. 1 1 3 0°Ci:L/c1*f8T:. TMIn^Ml 
fel^H-Cl^TMAl *ftmz.]&'Pi*ik%mzm& 

Ls TMA1 ©#tJ&«:0i:Lfc^T8 0 0 o C^-pKS 

lttmi n©«t&$:igtgu, ;^t*©#t»&fifeta<)n 

tHtZZ.tlZ*vT. nSAli.,iGauiNi?7'> K 
^2 1 4lZ&-ragp#©ffl/5KA<Al.. 1 Ga.. s Nfcfc 
0. SI*ft*J«:fflfiE/)< I ni.iiGa..»Ntft4, Jf^ 1 
0~300nm« fjill 1 0 0 n m(DT > K-7^U 
-^•y K3t#'f KJ12 2 7^fi£fi*-ti5o 
[0 3 10] ?lt^txT. Jf£1~1 Onm, (Wxlf, 
5 nm(D7>K-7l nuiGaiiiNMUTlttli 
^ixfeU^ 3 — 1 Onm, 0jx.lf. 5nmffl7>K-7 

1 n,.,Gai.«N#^&fiE«*-ti:T. SQWJSttM 

2 1 6$rB«rSo 

[0 3 1 1 ] ^IttSUT. TMGa v TMIn, TMA 

A x TiiXt. LT©Ni $rfflt^T. J&^EE 

*fe70 — 7 60Tor r. 0jxlfs 1 OOTor rt 
fiXSSJg&8 0 0~1 2 0 0°C, eSxJf. 8 0 0°C 
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TMI n&&S&fc&'>£-ea«l3{tt*&U TMIn©ft 
t&ZOt Lfzm&T: 1 1 3 0°Cl:i$?ig UTT MA1®i 

U ;fc$gK*©tttSfi££ttl;fc-&£;ii:U:<fco 
T. SQW>m/I2 1 6ldJg-r5gP#<Dfflj$j!><I n.. M 
GauiNtftO, g&ttfcffl/iJctf A 1 o. •< G a .. .« N 

J?£ 1 0 — 3 0 0 nnu 0«x.|£ N 1 0 0 n m© 
Mg K-7©pI^-f'y K^^'-T KM 2 2 8&J&H 

[0 3 1 2] ?|§^UT, m$ 0. 1-2. OAtm. W 
0. ^*6»g/><1 .0X1 0"~ 
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[0 3 1 3] nSS i CStS2 1 1 ©^®l3(i 

n{M®&i:l,Tlp£ 1 0 0 nm©N i gfiS2 2 Ofe&l* 
.-SfcttlC, pSGaNa>** hjf 2 1 9±l'l±p«lS 
@£:UTlp£ 1 0 0 nrm *aW/)<3Am©N i f!2 2 
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[03 141013 (b) &m 
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[0 3 1 5] ^roii^Ct. pflUfttf-f K^&« 

fi!tt*piyb-f'y K3fe*V KJ§2 2 8£pI?fnMii 
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-7mT-ffif$,LTt,&< , ^4xl3«fcoT. fr-JMD&W) 

[0 3 16] Sg1 0©^Jte©Jf*®lCj3t\-T(±, 7 

> K-^U-f'y K3t75*-f KJ12 2 7SVpSyu- 
^•y K$fc7J-C KJI2 2 8©£-7«y KJHC*g-f -SSP3"© A 
1 ItteO . 0 5©A 1 «oi Gam Ni:feoTUjtf % 
*7«y KJI©A 1 ittrat/O. 1 50Alo.i>Gaui 
NsEtM*^©^©;l^tt©A 1 G a N/lfc UTfcHU 
fc©7rfc»K £©&!;:. *^<y Kill;S-r-2)gp»©A 1 
ttZMtb* Z. tiZ*. *) *-^©>iA$&*£J: 0 &#-r-5 
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©HJ£©m^&lftW-r-2»o fcfcx 01 4 (a) 
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KV.mtsO. 1-2. 0/irtK ftxtf* 0. 5/im 
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[0 3 1 8] 3l£J£l\T. 1 0-3 0 0 nm v 

1 OOnm©T>K-^"AloiiGaiiiN3t7i'f 
KM 2 2 9 -££©<, v If * 1 — 1 0 n m, Mz. 

I£x 5 nm(D7>K-7l nuiGai ii N/t'J7iT 
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73$70-760To r r. 0Sx.«. lOOTorrt 
fi£«SJg?&8 0 0-1 2 0 0°C. 09x.(S> 1130 
°Ct Lfctt^T, TMA 1 ^;^l^'i>^-«t*«[3#t^ 
U S0WiSttI2 1 6l^-Ti»gPt9-©*i^/)<A l. t, 
GauiNtfeOs S$*ft*)«cififi£A<GaNt3&:5x JP* 
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Ox 1 0"cm\ 0yx(iv 1. 0x10" cm"'©M 
g K-7fflpIA 1 MiGai.ii N*7-yKl2 18 v 
JkV.mZO. 1—2. 0//m, ^xli. 0. 5/im 
T, 7MH9iitt^1 - Ox 1 0"~1 . Ox 1 0" cm 
"\ WHIZ. 1. Ox10"cm"'©MgK-70DpS 
GaND>^-> hM2 1 94fiRS^-ti:So 

[03 2 1 ] ;fc^Tr. nSS i C*t52 1 1 ©sStli 
nfijl«itUTf*1 0 0nm©Ni@©2 20&|Stt 
pSGaNJ^i' hM2 1 9 ±KHi piSHS 
mtLTmtSl OOnm, «@W/)< 3 fxm<D N i flS2 2 

1 «SS§SLA<7 0 0Mmt*c*«fc3l;ig^ 
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[03 2 21 014 (b) #KS 

* # fcfK*sa<fr?-i;:*f -r 5*-n-7o- iftjui tux 

[0 3 2 3] Zfc. Z<DpW6ii-< KJIlix ^^U-f 
x**=F-*/W *tfct\(DTx ft*©*- A 

□ -&s±/i tttix UT/fv-^ncMr-snu Tirfe »? 

lc:< <x *-;U©>±A^£®M£tt£xIt/)<&Oo 
[03 24] C©*§^fcx nftjfctf'f KJI(**~ 

TZfriblZ, CLOniM*:^ KJI©fflfi).£pfl9*;tf-r K 
[0 3 2 5] £fcx Cl<D*i^t, s pfly3t**-f K/ItpS 

[03 2 6] W± x *fS(8©Sg6 7}3ISg 1 1 ©SlJ&fc©flS 

iZti^Xlt, iSttlhLTI ru n Gaui N/I n 
o.« G a i.n N fr&fr* S Q WflfigfeSUB UTl^tfx 
!&S£?-£>&g<aSUT>giglt£A 1. Qa, I n,-,- 
, N (0gx<1 x 0<yg1) ©iirtTSSitt,^ 

. KJl©}lii]t£A 1 . Ga> I n i-. i N (Oga 

[03 2 7] £fcx ±!3©Sg 6 jimm 1 1 ©HSS©JK^ 
IZfcHTttx >S1±Jl£SQW4?fig-l:ffij£L-ru.5t ) © 
©x MQW4SJgl3UTt,^tAt©Tfe»?. 
(*x Wz.lt, 1 ~ 1 0 nm, 5nmfl)7> 
K-yi noos G a. ii NM'j:FJIfcffi*3~1 0 n 
nu Mz.lt, 5nm©?>K-yinM!GauiN# 
PJI^SESICT^ K-7I run G a. n N#/5Ji#2 
~1 0^, ^xli. 5glc:;&S<fc3l;:j&g£-ti&C:£:l;: 
<fcoTx MQWjSOTfcJB/ftrtltfAli. 

[0 3 2 8] ^ICx 01 5S.V01 6£#8BUT. 
2^**l«|-r 5 3 £ IC«t feteS&g&lf P L 

£*$§W©Stl1 2©SU5S©^©3®)^«^f*U— tf© 

01 5#88 

(0 0 0 1 ) W*>, cffi€:^®tt--SA*S 
©6 H-S i Cfr£fr3 n§?S i CfitS3 1 1 ©^®£ 
C F. Sfflnfe • i7f>^C«fcot0 . 1—2 



M.m, 03x.(£x 0. 2AimP$£LTx S®*P8ffig£© 
S££-tt/c©^ T MG a x TMA 1 N S. 
I/x +i''J7'*'^hUT©*fg^fi£«**^i:L/Tfflt\/=: 
MOVPE»l;J:oT, fiSiE7J&70~7 60Tor 
rx0S;Uix lOOTorrtU /&fti&g£8 0 0~ 
1 2 0 0°C, #3x.«, 9 5 0°Ci: bTcttfgTx J?£ 5 0 
~3 0 0nm, 0jx.lt 5 0 n m© A 1 GaN/t»;7? 
13 1 Hkf&^-^io 

[0 3 2 9] 3I£I3UT, TMGa. 7^-7, K— 
n>h^UT, S i Hi x >RI/n V U T 7 ^" ^ Sfflt* 
Tx j£JtE*j& 7 0~760Torr, fllxtfx 1 0 0 
To r r t U fiE«jSg&8 0 0~1 2 0 0°Cx fllx 
(£x 9 2 0°Cfc LTcttST. JP*0. 1-2. OAtm. 
03jLli> 0 . 5 jumT-x ^tfctoi&g/)* 1 . 0x1 0"— 
1. Ox 1 o"cm\ Wz.lt, 2. 0x10"cm-' 
©Si K-7©nIGaN^i3 1 3SsJIit5. 

[0 3 3 0] 3lt*^l\T\ TMATx TMGa,7>t 
-7, K-/t>hi:L-Tv S i Hk RV, **>)71j 
*i:LT©*5fi£fflUTx J&Uff^fc 7 0 — 7 6 0 T o 
r r x egx.l£x lOOTorrhLx fiE«SJS^8 0 0 
-1 2 0 0°Cx 03x.«x 9 5 0°Ct lfc^f> Jp* 
0. 1—2. 0/zmx 09x.(Sx 0. 5 /nmT, ^W&m 
JSAM . 0x10"— 1. 0x10"cm\ mit 
1.0x1 0"cm' , <Dn3iA 1 mGamN^y 

K^3 1 4£j&g£-ti:i>o 

[0 33 1 ] ?lxS^t^Tx TMGa, 7>^-T, R 

0~7 6 0Tor rx tfdxtfx 100TorrtU«I 
i£gS8 0 0~1 2 0 0'C, 05x«x 9 3 0°Ci:L7c 
ttST, Jl# 1 0 — 3 0 0 nirix WtM. lOOnmffl 
7>K-yGaN*#-f K^3 1 5^^*-li*o 
[0 3 3 2]?|§iUT, TEGa, TMIn,?^ 

-Tx m< Jr+ij-ruxtLTamm&m^Ts. mm 

EE*$:7 0 — 7 6 0 T o r r „ Wz.lt, 1 OOTorr 
tU fi£«>SJ^&5 5 0 — 9 0 0'Cx Wz.lt, 7 0 0°C 
fcLfcttPjTx ^ai^r.SO. 1 Aim/h«.±x 09 
x«x 0. SAtm/ht^rolSx^T-x J?c^ 1 — 1 0 n 
rru 09xlfx 5 nm(D7> K— T/I n M > Ga.ii NA 
'J7Itff*3~1 Onrrix Wz.lt, 8nm©7>h- 
71 nt.M Gam N#p^fe^Sl37 , > K-^I n 
..,iGa..,,N#Pi*(23xtt3I, 09x.«x 2JHc:k 
i^vlZf&M^it, MQWiSttI3 1 6^JKfiSr-5o 

[0 3 3 3] 3lt*gHvTx TMGa, 7>=E-7, Tk 
If, *tU7*^i:LT©Stfeffil.»T, fi£«fiE*£7 
0-7 6 0 T o r r, Wz.lt, lOOTorrkUsJ 
8 0 0-1 2 0 0°Cx Wz.lt, 9 3 0"Ci:U7c 
ttfg-x?x 1 0 — 3 0 0 nmx Wz.lt, 100nm© 
7>K-7GaN^ KS3 1 7 SrfiRS^-ttSo 

[0 3 3 4] 3|£^UTx TMAlx TMGa^^f 
-Tx \±^ : is J ?n'<>'?*J3L-i\,^V**s'51x, Tklf, 
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760Torr, mx.lt , lOOTorriU /£Hjg 
£5 8 0 0-1 2 0 0°C. MZli, 9 5 O'Ci: Ufcttlg 
T?, J¥£0. 1—2. 0/zm, #lx.(£. 0. 5/imT-x 
^Mfom&W 1 . 0 x 1 0"~1 . 0x10"cm\ 
2. Ox 1 0"cm "'©plAltiiGaiii 
KJI3 1 8§)Sfi*-tt5o 
[0 3 3 5] 3I£|^T. TM6a, 7>^:--7\ tfT. 

^fcUT(DS^$:fflt^T. f8.&fr±£7 0 — 7 6 0 T o 
r r . 08x..|f N 1 OOTorrtU «E«SJ$& 8 0 0 
-1 2 0 0°C, Wz.lt, 9 3 O'Cfc Ufctt?8T% J»£ 

0. 1—2. OAm, MTLlt, 0. 5AtmT. ^««9» 
jg*><1. Ox10"~1. Ox10"cm\mit 

1. 0x1 0"cm''®pSGaN3>j'i' hI3 1 9 

[0 3 3 6] ngS i CS«3 1 1 <DS®ld(± 

nfiili^i: UTJ?£ 1 OOnmfflNi H&3 2 0 fcigl* 
Zt&lZ, pSGaND>j>^ h@3 1 9±l3l*pfi«fi 
®£ LTJf£ 1 0 0 nrru <BW/><3 /zm©N i «&3 2 
1 fclSI*. *HSIgL6<7 OOAtmt«:*«t^lrm ; F» 
i"J-T * Z £ C«fc o TM Q W4f|Ji®j^*^f* U - If i)^ 

[0 3 3 7] ±ie©^1 2(D^«£0)Ji5SlCfcUT(i. j£ 
tt^CD^S^fcLT. 0. 1 /tm/hlSO:, ttC-, 
0. 3 Acm/h£i$fflL-ru2>a<x d dTEl 1 6 
UT>£t£JI ©J&Ufcfe fcR£-Hj&&© afHBiJ& £ 18 f £ „ 
016 ( a ) #K6 

01 6 (a) li, I nGaN>£1±JI©P Lj&JKDfflHMB 

aiCx mSJlJSr, A<0. lMm/h«T©0. 07 5 
At m/h ©«•&!;:, TMI (hU/fM^A) © 
ftSOJttftlhttlZs P L;A«©^*^3!)<ig^:Lr I n 
GaN©ffljS^Kj-/)<tittJ-r^«/)M3TifeO, 4 00n 
m^iro^P Lift-gfflfiJclCfcHT-. SSK© I nGa 

n ma>tfm £ n«e t> c t i>m €> ^ t& a » 

[0 3 3 8] -;fif x J&gJlJgr, A<0. 1 Atm/httl 
©0. 3Mm/h©^-&(C|±. T M I ©35M6<li*n LT 

*DU. fill*.. I n*gfi£tt*<igttlU 4 20nmttS5T«i 

[0 3 3 9] ^(D^iifrb, J&g3Jg£:*:£ <TZZ£ 

fct,. 0. ZfjLm/h^mail&mMJkO^lZlt, Wfe 
-MH*U — tffc LT#Jgfc>£-SUeffl©ffifi&£*i-r£ I n 
G a N>SttJi£*§Stfe& < J5£-S£-t±£ d fc#«Jire<&£ 

[0340] 01 6 (b) #S8 

01 6 (b) It. P LX&&0)t$.§km&&&ti$:niTm 



PL#3&g/><Ja<fcoTa3'K ttlZ, *fe*SH*U-V 
UT»®fe«»ft<Mt*JtNT4§W6*)I^^^P L3tSi 
*-ftH»6*tT*0. d©3-St*£fctf-i|gj&6<*tU;fr 

[03 4 1 ] *LT. *S§lU3©£n 2©SlJ&fc©Jf5!gl;:-fc 
*xtf, £R©£#&S i CS«£ffllK fio, -£©g|® 

M-r*C:i:l3J;0. fe{iS&£/>< 1 0' cm"'tlTT> S. 

PLe-^MAt9 0meVttTCDInGaNM 
HA<»<&*U -£*U;i<fcoT. 4->£©fcl>I -L$M4/>t 

[0 3 4 2] -g-UT-. 4-£Tr©*§S*£Bg2;;*.T, fiSJIil 
er.tfO. 0 7 5Atm/h©li^©Smfc«ttt-S 
fc, 0. 3/im/\nKlL±<DiaftlZ.ftmzAjit&%&M1fi 

n ^mtotm^n. o. 2/x 

m/ h ©*§^ \z t, siffl tBi z a£©>mJi e> n 

[03 4 3] 3©Ct(i, J$fy&g/)<;iUl3^«J©&*a 
& hm £ *i3 i: % x. tvT I \ t J5f * t. ©T 

K^fc^*^©t#5*ii(iB^f./)^fc5)„ 

[0 3 4 4] *^©?gi 2<Dmm<Dtimzistw 

LT^fcM, ^1 2©||j5£©ff^©lfef*l3|t6e*Vi.t© 

Tiife < , *(Dtiiffi®®o)mwizti^T&m<D&mv*i 
fii-efeo> 04xis. ±ib©^i 2(onm<Dmmiz&ut: 

It, #pItU.TI no.iiGao iiN€:SfflLTUi) 
A<x <i>gii1-*;A^*5l;T>lSlt5Al. Ga, In 
N (0^x<K 0<y^1) ©teirtf^^T 
t,^t^ < fe©-^:fc^)^ Id, ZrtilZft^T. 9054 K^S. 
t/^ 5- -y K@©jggltS: A 1 . G a i In i-.-i N ( 0 
£a£K. 0£b£1) ©tefflrtT^xTt.^u„ 
[03 4 5] tfe, ±I3©^1 2©HJ£©H^©U.tfl(^ 
*JUTI* V }£1±Jl«:MQW>S1t^1 6 T?«fi£L-Tt>^ 
*<s SQW>m^«:ffl^>T^^^-t.©■^?feOv Z.(D^\Z 
ti^SJt^O. 1 Atm/ht^, 03xlf. 0. 3/zm 

It, 5 nm©7>K-'7'I no «i G a„ » N A U 7lf 
Sl^^tlfcx f*3~3 0nm s ^ill 8nm©7> 
K-7I m.nGai.ii N#p^^f»fe-5 S QWJStt/l 

[03 4 6] tfc. ±te©^1 2©HJ£©^IC*51\T 
(*, )Si4Si:LTiE?L©^ii!)S^toi.fe<*l'7'>K- 

WfcigJgiiLTIi, 1. Ox10"cm-'*lTfeti 
[0 3 4 7] ftlZ, 01 7SI/01 8&#fi8UT, pi 

>?3v h-m\z&&mtwmm&£is.it, z.<D&mm&&m 

&\Z ti U-C*fttt?f»& ZftfritTX - 1 1 - 7 □ -^35 
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K <fc £ BfritT £ C 1 13 .fc ^ T U £ UfgfiSSSgjg J 
*3Mi8<DS&1 3 7iH^1 5©Hi£(Dm 
e&l»Wr*o Sfs 01 7&#fiBLT*$giyj(DSg1 3 
©Sti£©Jgfg£saiE-f4o fcfc> 01 7 (a) I*. *$S 

lfl(Dfg1 3CDl|j5S(D^®(DSQW*©ft:U--lf©f4ta0 

T-k*). 017 (b) li>mJ§Sfi8©fc^?iH81© 
017 (a)#fig 

**\ (000 1 ) Bfl*>. cS^ffitr^A^S 
©6 H-S i CfrS«S5nS!S i CS«4 1 1 ±|3, T 
MGa, TMA1 % T>^-T. RV. * + VTiiXt 
LT<DJkm&f$.miiX£ OTffltxfcMO VP E^I^«fco 
Tx fiJiEAS:7 0~7 6 0Torr,«!lilt 100 
TorrtU J&gi&&£8 0 0 — 1 2 0 0°C. 
If, 9 5 0°CtLfcttfT, f*5O~3O0nm^ 
xlfx 50nmO)AlGaN/.t'y77f4 1 2^1* 

[0 3 4 8] ?|*gUT, TMGa, T>^-Z x K — 
/t>hjgi:LTSi H. x +tU TUT* t LTzk 

lii&fflUTv 7 0~7 60Tor r, «|i 

If, 1 OOTorrfcU, fiJIStS800~1 200 
"C, Wxlf s 9 2 O'CtLfcttfgTr, J!£0. 1-2. 
OAim, ^Alf, 0. 5/xmT. ^««!)iiJg/)<5 x 1 0 
"~1x10"cm\mit 2x10"cm"ffin 
SGaN*RgJI4 1 3 &f&g£-ti3 0 

[0 3 4 9] 3I#&UT\ TMAK TMGa. T'V^E 
-7, K-/t> htlTS i rh . RXf. ***JTiiX 
fcLTOTkSt&ffl^-C. «fiE*S7 0~7 6 0Tor 
r , mz.lt, 1 OOTorrtU j£g>g&£ 8 0 0 — 
1 2 0 0°C, 9 5 0°Ct Ltzttmx- . £ 0 . 

1~2. OAtm, #3xlSs 0. 5umT'. ^WtomAW 
1. 0x10"— 1. Ox 1 0"cm"\ Wz.lt. 1. 
0x1 0"cm"'(DniAl « u GaiiiN^v KM 
4 1 4€rfiE^^-ti:5 0 

[0 3 5 0] 3l£t*UT, TMGa, Z>^-7' > R 
0 — 7 6 0 T o r r . 0«x.ff > 1 OOTor rtL, fij 

^?ag£8 o 0—120 o°c, ea.it. 9 3 o'ctu/c 

tSfgl:. S*1 0~3 0 0nm, ^xlt 1 0 0 n m<D 
7>K-7GaN^KI4 1 5 SffcH^-ttao 
[03 5 1 ] ?|#^INT. TMGa. TMIn. 7>^E 

E7j£7 0-7 60To r r N 0Sxlf N lOOTorr 
tU *£Sig£&5 5 0 — 9 0 0°Cv 03x11 7 0 0°C 
t UfcttfSTr. JP<* 1 — 1 0 n m. fllxJf % 5 n m©7' 

3 — 3 0 nm. Wz.lt. 5nm©7>K-7ln..nG 
a ..is N#pl&fi)tl^-ttTS QW>£1±JI4 1 6%mf& 

[0 3 5 2] 3|g£!l*T, TMGa, 7 R 



0-7 6 0 T o r r , Wz.lt. lOOTorrkUS 
^&&£8 0 0~1 2 0 0°C, Wz.lt. 1 1 3 0°CtL 
fzVtm-C. JI£ 1 0 — 3 0 0 nm, mz.lt. lOOnm 
©Z>K-^GaN3t*V K^4 1 7 SfiSJI^-ttSo 
[0 3 5 3] ?ltiUT> TMA K TMGa, 
-7. Rlf. 
=¥^ l JTii7.tLT0)Ni %m^T. J5£SE*&7 0 — 
7 6 0 T o r r » 0iz.lt. 1 OOTorrtU fi£Rig 
eS800~1 2 0 0°C, mz.lt. 9 5 0'Ctlt^ 
~U. M£ 0 . 05 — 0. 5 0/im, ^xlf, 0. 2/xm 
T?x W&)jlJg/><1 .0x1 0"~1 . Ox 1 0"cm 
\ Wz.lt. 2. Ox 1 0"cm '©pSAl..HGa 

1 »N^7V/ KJ§4 1 8£j&g£-ttS 0 

[0 3 5 4] ?|#^UTv T MG a x T>^-T. tTX 

*fcUT©N, £fflUT v J&flEE;*j£7 0-7 6 0To 
rr.0Jx.lf, 1 OOTorrtL, fiESigg$8 0 0 
-1 2 0 0°C. Wz.lt . 9 5 0°Cfc LtiVimT'. MS T 
#1 — 5 00 nm. Wz.lt. ^ 0 0 n n\T- . ^HWM& 
tfil . 0x10"— 1. Ox 1 0"cm'\ Wz.lt. 
1. 0x1 0"cm'OpIGaN^I4 1 9£^ 

[03 5 5] SI#t$UT. Btf. TMA1 , TMGa. 

Rlf. *V'J7^tUa)N, feffiUTx J&gff** 
7 0 — 7 6 0 To r r . Wz.lt. lOOTorrtU 
J$^g&£8 0 0 — 1 2 0 0°C, Wz.lt. 9 5 0°Ci:L 

rz&mr-. mt<o. 05—0. 5 0/zm x wz.it. 0. 

2 Atmtr. ^Jt^Stf 1 . 0x10"— 1. 0x10 
"cm - ', Wx.ll 2. 0x10"cm"'©pSAl 
..iiGa..«N^7v K®4 2 0 £/5£S<*-tt-5 0 

[0 3 5 6] 3I£SH\T. T M G a x T'^^E-T. tf^ 

^tLT©N. 5&fflt>X. fiJc«S*^70 — 7 60To 
r r , 0dx.(f . 1 OOTorrtU fiS^SJ^^: 8 0 0 
-1 2 0 0°C. Wz.lt . 9 3 0°Cfc UfcttfiS-C, Jp* 

0. 1-2. Onm.Wz.lt. 0. 

S/)<1. 0x10"— 1. 0x10"cm-\ Wilt 

1. 0xl0"cm'©pSGaN3>i'^hI421 

[0 3 5 7] nSS i Cgffi4 1 1 <DUMZ.lt 

nmmmtLLTm^ 1 0 0 nmON i f@4 2 2^|gl^- 
Ztmz. pMGaNn>^^ S@4 2 1 ±l3l*p^ft 
LTJp£ 1 0 0 nm. tgWA<3 Am©N i g&4 2 
3«:i$lt, «ffitiSLA<7 0 0 /zm tfe* «fc 5 CjjtTtf 

[0 3 5 8] i©*#|Bfl<D|g1 3©SIJ£©Jf^l3fcUT 
«*> pSA 1 ,. ls Ga,.»N^7'y KI4 1 8, 4 2 0 
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©&ll= . A 1 1. h G a N Jg«fc t) *alltfe©&»T:&?£ 
fcl?iMI©pS!GaN*fSIJ§4 1 9£i**&A,-Cl>S© 

mm4 1 9 iia^i^g u ^tts^r^ctiz: 

[0 3 5 9] UtftbT, ^?g^/)<±#UJ&tv<DT N 

* - /K a - nrnzmz-so) *. * t £> o , nmz <fc 

* :* - / X - 7 o - Jin 1 1 x r> Htm £ Brk « * C 

So 

[03 60] piGaN«41 . 

0 x 1 0"cm"'ig^|; K-yLT^5©Tr. |S)l;J?£ 
fflpS^7 v KMAluiGa o is N Lfc*§^ 
fcit^T. pS^^y KJI©«ln£«fc'3 Ci: 

[03 6 1 ] e^fl'JCOx^^^- U^JUfc^-f 

018 (a) £#SBUT. *3S0.fl©tg1 4 ©S|jfcro?&f6 
So fcfcs d©f 1 4©fyS©JfJ|g|;:fcUT 

(*. *i^Ji©^£y.yi.ii±te©se 1 3(omma)mm}i± 

01 8 (a) #S§ 

sr. ±te©se 1 &<D&Ka»£fB£Fitti;^ (ooo 

1 ) ®. W*>. cS&±® t tiASa© 6 H - S i c 
A^fcS nSS i CK«±(Cx J¥£ 5 0 — 3 0 0 nrru 
fflZli. 50nmffiAl GaN/^')/77lv S*0. 1 
-2. O/Ltm, fifjxl*. 0. 5Mmf v ^&W,&&i)<5 
x 1 0" — 1 x 1 0"cm"\ Mz.lt. 2x1 O u cm 
"©Si F-7(DnmGaN$>r$m. JkV. JP£ 0 . 1 
-2. Omi»W 0. 5Atm-C. 
1. 0x10"— 1. Ox 1 0 w cm'\ 0Sx.(f x 1 . 
Ox 1 0"cm '©S i K-^fflnSA linGain 
N*^«y KJI4 1 4£/5£H£-ttSo 
[0 3 6 2] 3lt*?^T, Jp£*><1 0-3 0 0 nrri. M 
Tilt, 100nm(07>K-^GaNM-(KI4 1 5 
£/&K£-tifc©^ m$ 1 ~1 0 nm x 0iXlt, 5nm 
<DT> K-yi nutGauiNMUTg-C^Jlfe 
f*3~30nm N i7.lf, 5 nm(07>F-7I n 
i.HGa...iN#pI4fili^-ttT> SQWiSttl4 1 

6i&^rso 

[0 3 6 3] ftHT. JP£1 0 — 3 00nm v 08;U£* 
1 0 0nm(D7> K-7GaNit#-f.KI4 1 7 X Jf £ 
0. 05 — 0. 50jum N 0. 2/xmT:. ^$6 

. 0x1Q"~1. Ox.1 0"cm \ 
l£, 2. 0x1 0"cm''OMgK-7*(!)pSAliii 
GaiiiN^y KJ14 1 8$rfiE«d-tt-5o 

[0 3 6 4] ifcHT?. TMAK TMG a©35git$:JS 



Tg&©G a N Id&S <fc -5 ftttlEftlZKIb l,fcJ?£ T />< 
1 -5 0 0 nm> flfjiau 1 0 0 nmT, *«U!)j£&*>< 
1.0x1 0"~1 . Ox 1 0"cm \ Mz.lt. 1 . 
0x1 O'^m Wu-T"; K*^®3 2 4&fifefi* 

[0.3 6 5] JB3 0. 05-0. 03 

0. 2/zmT, :=F*fcM£*><1 .0x1 0"~ 
1.0x1 0"cm\ MiLlt. 2. 0x1 0"cm"' 
©Mg K-7©pSA 1 • uGain N£5>y KJI4 2 

0, SI/. m$ 0. 1-2. OAm> fllxtf. 0.5 a 
mT* =Ftt»aMM»M-. 0x10"~1. 0x10"c 
m"\ MiLl£. 1.0x1 0"cm '®pSGaN3> 

[0 3 6 6] ;^?t^-^?, nISi C««©^SIcH*n<MI| 
Si: LxmZ 1 0 0 nm©N i HSIfeiStt-S fc^li. p 
SGaND>^« h^±lClip«9®Si:UTiP* 1 0 0 
nm, *IW#3/im©N i UtifclShK tt«2S^L*<7 

0 0 m m t & £ J: 5 ICfSt^SJ "t -5 d t. IZ <fc -p T S Q W 
«Si£*I;£:il*»lf* U — tf tffSfiSc-f So 

[0 3 6 7] Cl©fg1 4©5!jfc©Jf£f&l;:j3l*TI;JU *Fb1 

4 2 4Trffifi£LTl\&©Tv /fc-JU© p(M3t**-f KJS^ 
<D)±A£ 7. A - XlZfto Z t. A<T t -S 0 
[0 3 6 8]3&fc\ C1©1S^, yu-fv K*[SIJi4 2 
4(D*jtiSli<7)^*il^*sSlJ»4^ > • K-^ICUTt^ 

[0 3 6 9] U^^&^f 
018 (b) £#RBUTx *^W©»1 5©^«S(DJBS 
SlftWtSo &*5. d<7)^1 5(DSI«£©ff5^ICfct,>T 

*mmo)tnmAtt-it±t£<D%i 1 3©^©^*:^ 

018 ( b ) #KH 

£?\ ±IB<Dm 1 3 <OSU£©Jf^t|5)«lc:> (000 
D m. W*>< cS££®i:-r£A;£II0> 6 H — S i C 
fr£«c-i> nSS i CBS±IC f*50~30 0 nm. 
09x.lf, 50nm©AlGaNM'j77fv f*0. 1 
-2. 0/xm. #3x1*. 0. 5Atm1r, TttttriRAft<5 
x 1 0"— 1 x 1 0" cm"'. 0Sx(is 2x10"cm 
"©Si K-T'fflniG a N'f'F^Jlx S.t/. J¥*0. 1 
-2. OAim. ^xli. 0. 5Mm-e> W&i&gtf 

1 . Ox 1 0"— 1 . Ox 1 0"cm\ 09;L(£. 1 . 
0 x 1 0 ! ' cm''fflS i K-7"a)nSA 1 i n Gain 
N^7*KI4 1 4&fi£S*-B:So 

[0 3 7 0] §lt^t>T> JP*ft<1 0 — 3 0 0nm, 09 
100nm©7>K-7'GaNM'f KI4 1 5 
$:fi£^*-ttfc©^s 1—10 nm, 0yx(is 5 nm 
©Z > K— 71 n. oi G a . i$ N 'J 7 , @T?i*}**tifc 
IP* 3 — 3 0 nm N 0yx(Sx 5 n m©T >K-7In 

1. «GaMiN#pISfiJI*«T> SQW5gi±^4 1 
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[03 7 1 ] JfcUT. m$ 1 0-3 00 nm. 0y*lf. 
1 0 0nmfl)7>K-7GaN^ KJI4 1 7 . Jp£ 
0. 05 — 0. 50^m, tfjxlf. 0. 2/LimT:. =Ftt 
$>3§Jg/><1. 0X10"~1. 0x10"em\m 
lf v 2. 0x1O"cm'<DMgK-7©pSAli.n 
Ga..nN^7-y KS4 1 8£j&g£-ti.5o 

[0 3 7 2] TMAK TMG a©>fc*tt&£ 

1 1. H g a hi n a* & g a n ^mmmz&it-tz $>mm 

JlA^*e*Jp# 1 ~5 0 0 nm, «t»)»®l^li s 10- 
5 0 0 n m. 05*lf . 1 0 0 n m©f./H?SjgfK B 1ji 4 2 
b^Mf&tio d©*i^©1 Ji»|©Jl£tlf, 

0. 3 — 5 0 nm, JcOWJSlClf, l-SO nm^x 
U2 0nmtU i&fiEA<G a Nl3ifiU*§3 n m ( = 3 0 

[0373] &t\-e, Jp£0. 05-0. 50jum, W 
x.lf, 0. 2/zmT, ^*fc«tjK/>< 1 . 0x10"— 

1. Ox10"cm\«x« N 2. Ox 10" cm'' 
<DMg K-yfflpSAl..uGauiNi'7-y Kg 4 2 
0, ff£0. 1—2. OAim,#|;Uf, 0. 5/x 
m-U^Wtom&tfl. Ox10"~1. 0X10" c 
m"', 0«x.(f, 1 . 0x1 0"cm'©pMGaN=i> 

Hf£fi!c:g;* •££><> 
[0 3 7 4] ai>T, niSi C««©S®l;:lf nflqffl 
«&fcUTJP£1 OOnmroNifg^mtftl;, p 
SGaND>^^ SJI±i;:(f p«1S®t LTJ?£ 1 0 0 
nm, *SWA<3 i um(DN i mS&^lt, #*lgg§:f|L 7 

0 0 ul m fcfc* «fc -5 [znttMTZ Z. J; oT S Q W 

[0 3 7 5] Ifflf 1 5©fgjfa©J|*fg|;:#3U-rif, tpffl 

m^mm^'pmm 4 2 STrAf^u-cu-a©-?. 

Cfc(3i:oT£||t±£®i&T#^14?f&^©te*£«*6 
[0 3 7 6] fcfc. ±ie©mi 5©H*£©Jf*fi§lzj3(,NT 

it. &mmm*mm4 2 s £&m^i)m&mz&ib-r 

1 «fc a tzm&T & Z. 1 Id «fc o T * - ;U©>± A £ X A - X 
l3frd«fcdi::UTU£*><. 7f77 • 7?>^>3 >ft 

[ 0 3 7 7] tt±. *^©M 1 3 JJSIg 1 5 ©ft*£© 
JlsfSfciBWLTtfctf. *f6(|8lffij5S©Jf2fg©#ijSI;:|tg 
e*l£>t,©-Cltfc<. 08xlf. t&1 3 7iMSg1 5©HJS 
©JfcllSlClifcUTIf. *fS1JI£GaNi£ult. &©©#$ 
^♦a©giJ»ft<GaNlc:«:*«lc*8fi£LT:uSA^ A 1 G 
a Ns£lMi I n G a N-IZ UTt,&l\fc©-efc£><, 

[0 3 7 8] ±IB©S61 3 71MS&1 5©Ife&£©Jfc 

JSldfcUTIt. iSttJifc LTI m. iiGaiii N/In 



mi G a. n NfrfcfcS S QW|g&fc&ffl UTUStf. 
i&gfc-r^MStttiUTJlSlt&Al. Ga. In 
i-.-, N (0|x<K 0<y^1) ©KfflrtTrS^T 

tf£5<y KJI©>giilt£A 1. Ga. In.-.-» N (0 
^ a ^ 1 . O^b^D 0«i(«3Tr^xtt,6Uo 

[0 3 7 9] -hta©£1 3 7lMf??1 5©5ljfc©J& 

Sid S3 UTIi, Sti SSQ WfltJtTflSliE UT l\& t © 
©, MQW«Jgl3UTt,^t^©Tfc»), d©i|^t' 
If, mif. Jp£ 1 — 1 0 nm. WtLH. 5nm®7> 

hV^I m.«Gat« NK'JT'JIfclp;* 3 — 1 On 
m. 09 a. If. 5 nmfl)7> K-Xl no is G am N# 
P^^^S»c:7'> K-yi niiiGai.ii N#pI*<2 
~1 01, 09;Llf. 5^ir^-SJ;^ldfi£^^-ti:^Ci:lc: 
ioT, MQW>mM£ff5fiS-f*llf&^o 

[03 8 0] ££13. ±|g©SD5S©ff^l3i3(.>T(i. p 

K - LT*. ©Trio* o 

[038 1 ] &IZ, 01 9&r/02 04#!8UT. MQ 
W>m@ £t?|J*-f -5 U yg©W £ $:$il9P^5 3 1 C J; 

1 7©S!SS©Jf*fiS£|Bty§-t*o 01 9£#KBLT 

*SPJ3©fg 1 6 © j|J£©flSfg©JI;£:fl4^* U — tf 
W-TSo «eJ3. 019 (a) li, *&B.8©t& 1 6©*J6 

1 9 (b) (IBM 9 (a) (3fcL\T5fttS©nT*-rMQ 

W)Sitea^©ji«^?&^i(-^Ei-efc 5 o 

019 (a) (b) #K§ 

(0 0 0 1 ) ®, EP*i, c®^±ffii:-ri)A*S 
©6 H-S i C^f,&* nIS i CSi5 1 1 ±13. T 
MGa. TMAK 7>t-7v *vU7A^t 
LT©*t&fiJfi*7 h LTll^t M O V P ESC J: o 
T, J$SEE;b£7 0 — 7 6 OTo r r. 03x.(f. 100 
TorrtU fiSHSJgfc 8 0 0- 1 2 0 0°C. tfjx 
If, 9 5 0°Ci:U/M*?§T. f*50~300nm^ 
x.lf. 5 0 nm©A 1 G aN/t'y77l5 1 2 

[03 8 2] ?|§t^txT, TMG a, 7 7 >^E^7', K — 
M>hSfcLTS i H< , + * U YfiZK t. LTTk 

^feffltxT. ^S*«: 7 0 — 7 6 0 T o r r , 0J^_ 
If, 1 OOTo r rfcL, Jj£«SJ$& 800-1 2 00 
°C, Willi , 9 2 0°Ci:Ufc«ST, JP* 0 . 1-2. 
0/zm, ^9i(f, 0. 5/zm-lr, Wt&2lJg/)< 5 x 1 0 
"— 1 x 1 0"cn\ fl^^lf. 2x1 0"cm '©n 
SGaN *f®m 5 1 3 £/&H£-ttS<, 

[0 3 8 3] ?|&g|t\T. TMA1 . TMGa. T >^ 
-T. K— yt> K i: L/T S i H< . >Rl/. U TUX 
i:LTffl*f&fflUT, ^BE*S7 0-7 60 To r 

r,03xlf, 100TorrtU m^ig^$:8 0 0 — 



(32) 



ttffiW- 1 1 -340580 



1 2 0 0°C, Wz.lt. 9 5 0°Cfc UfcttfgTr. 0 . 
1—2. Omitk 0flxl*> 0. ^Jt^Sgg/)* 
1. 0x10"— 1. 0 x 1 0" , cm-\ Mz.lt. 1. 
Ox 1 0"cm''fl)hSA 1 iiiGamN^v KH 
5 1 4£jfcH£-tt*o 

[0384] Slft^T, TMG a, ;p>^=7\ & 

*V'J7'**^t UTffl*tSfflUT, /&ilEE:*J&7 
0~7 60Torr,^x.ll 1 OOTor rtU «S 
Siag£8 0 0~1 2 0 0°C, Wz.lt. 9 3 0°Ci:Uk 
ttSt, IP* 1 0 — 3 0 0 nm. Mz.lt, lOOnmCD 
7>K-7GaN**'-f KJI5 1 5 £ „ 

[0 3 8 5] SllrlSUT, T M G a N TMI n« T>=E 

H*S70~7 6 0Torr x Mlt lOOTorr 
t U fiSHjggfc 5 5 0 — 90 0°C. Mz.lt. 7 0 0°C 
£ LfcttST, J?* 1 n m~ 5 n m*3l. Mz.lt . 3 n 
m©7 7 > K-y I ni.oiGai.il NA'JT'JIS 1 8Tr# 
8f££tlfcJ?£3— 1 Onm v 0Jx.(£ x 4 nm(D7> K — 
^ I n<.iiGao.ii N->x;u@5 1 7&2 — 1 OM. M 
z.lt. 3Mfi6^*-ttTMQW>S14Jl5 1 GZBrfLTZo 
[0 3 8 6] 3I£^UT\ TMG a, T>*-7, R 

0 — 7 6 0 T o r r „ 100TorrtU,fiJ 
«iag£8 0 0~1 2 0 0°C. Mz.lt. 1130°Ci:t 
■tttffit 4 f i 1 0 — 3 0 0 nnru Mz.lt. 100nm 
(D7>K-7GaN^*VKi5 1 9fefit^^-tt?. 0 
[0 3 8 7] 3l£t^UT. TMAK TMG a„ T>"E 

^•JT'tf^fcUTODNi SrfflUT. /&gEE7j£ 7 0 — 
7 6 0 T o r r . 1 OOTorrtU J&KS 

Jg& 8 0 0- 1 2 0 0"C. 0gx.lf, 9 5 0°Ct Ufcttfg 

J?£0. 1—2 . 0/xm x 0. 5 fx roT N 

■^tt»3WtA<1. 0x10"~1. 0x10"cm\ 
Mz.lt. 2. Ox 1 0"cm"'©pgJA 1 o.sGao.i 
N*7«;KI5 2 0=&fi£^^-tti, o 
[03 88] Sltl^UT, TMGa. T>=E-T. fcTX 

^tlTON, £fflU7\ J&HEE7J&7 0 — 7 6 0 T o 
r r , Mz.lt. 1 OOTorrtU, 8 0 0 

-1 20 0"C. Mz.lt . 9 3 CCt Ufc#?gT=. Jf £ 

0. 1—2. Omitk 0Jx.tf % 0. 5 txmT-. ^Wfom 
1 . 0x10"~1. 0x10"cm-\Mli, 

1. 0x10"cm"'©piGaN3>i'^H521 

[0 3 8 9] niS i C««5 1 1 (DsmiZlt 

r>mn® £ Lxmt 1 0 0 n m© N i US 5 2 2 
Ztmz. pIGaN3>i-^ h!52 1±C(*p«lS 
®hUTip£ 1 OOnm, $3WA< 3 fimO) N i @&5 2 
3&I8I*. ttJSg5j|L/><7 0 OMmi:fe*J:dlc:^» 

gj-r * ^ t 13 «t o t m q w u — tf *<^-r a 0 



[0 3 9 0] C(D*^©mi 6©ft*£(DJfcfgl;:a3UT 

Mows£ttJi5i ezmffLTz/WTmamzzs 
[0391] ^*a>rastajKM*sa«ij§©*^ 

M'J7i41l< Ufe^l3l±, &i*l$&© 

h-mt<e;<to*m#<Dmeiizit. vTomtonrntf*: 

65n m*^lC LTt,7t^f"J?f <D&£.0)18.TimmiZte 

[0 3 9 2] fefc, V*U7NI©JP£li5 nm^jJtT-fcJl 
It+^T-fc*). £fz. tV)Tm<»l nffifiJUtliO. 0 4 

S$r*S*ldfiJfflr-5/ctf)lCli. /fU7JftDff<*£3 nm 
ttTtL,!^, InGaNA^&4n'J7l«)Inffl 

fiSitfco. 0 4tt±i^-r-5^fcicJ:oT, *ajii±©*ft 

£*?-Cfc&</ty7'/I©»*^i|B&'h£ < U P§§© 

[0 3 9 3] #13, 0 2 0£&mLT. &&tLTVZ7 
7^7'St6&flH*fc*SP.fl©iS1 7©Sl*£<DJfclg©MQ 

0 2 0#sa 

HI2 0I±, *^OS1 7©H«£<Dff^<DMQW^(* 
Is-VwmmT-tb*).*.?, (000 1 ) Milt 
f *-9"7 7"<7'*S5 3 1 _hlC TMGa. T>^- 

iNfcMO V P E^lc:<fcoT. fiJ«EA4 7 0~7 6 0 T 

0 r r . Mz.lt. 1 OOTorrtU 50 0°C©/&R 
igJglri3t\T, 920. 03MmOGaNftigM»y77 
if 5 3 2$:^*-tt?,o 

[0 3 9 4] 3l£*wl\T. TMGa, 7>t-7, K — 
high UTS i Hi , ^•V'JT'tfT.fcLT* 
S€:fflt^T. fiE^ffi73«:7 0-7 6 0 T o r r % Mz. 
It. 100TorrtUCifi-ggS800~1200 

'c. Mz.it. 9 2 o'ctLfrvtm-c. m$o. 1-2. 

OMm, Wz.lt. 1 . OAtm-U. ^tt^9iiS^5x1 0 
"— 1 x 1 0"cm \ Mz.lt. 2 x 1 0"cm"'©n 
SGaN*PII5 3 3^fijtft*^.5o 

[0395] ttTi*. ±ie©^i 6<omtM<Dmma>mm 

lZ.m$0. 1—2. O/tzm. Mz.lt. 1. OAtmT:, 
^**%ii^^1 . 0x10"~1. 0x10 M cm\ 
Mz.lt. 1. Ox 1 0 U cm''©nMA 1 o ii Gaooi 
N^7<v KJ15 3 4. 1 0 — 3 0 0 nnu Mz.lt. 

1 0 0nm©7>K-7GaNM-( KM 5 3 5, MQ 
W>mS5 3 6. m$ 1 0 — 300nm, Wz.lt. 1 0 
0nm©7>K-7GaNit*W KJi 5 3 7 v Jf£0. 
1-2. O/xm. 0«x«v 0. 5/xmT. Wfcilg^ 
1.0x1 0"— 1 .0x1 0"cm"'s Mz.lt. 2. 
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Ox 1 0"cm"'fl)pSAl MiGai.uN^7<y KJi 
5 3 8. m$0. 1-2. 0#m. 09x1*. 0. 
5 jumT-. =F*6«D;ijg/>< 1.0x1 0"~ 1 . 0x10 
"cm',Wilt 1. Ox 1 0"cm"'(DpSGaN 
3>*$ hJI5 3 $Zm!R.*\Z$**s*)lfit&isM:%,o 
[0 3 9 6] Cffl^fflMQWat415 3 6fc. 

I#1 nm~5nm*l v 3nm©7>K-7 
I no..iGao.iNM'j;p/i-e#Si£;n/cJp£3~1 0 
nm. Mz.lt. 4nm©7>K-7lni., 1 GauiN 
•>x;WI£2~1 0/1, 09x(*. Zmf&fkZMTmrfLT 

io 

[0 3 9 7];};UT, K^-<x.y^>yic:J;«J nSGa 
N4>FiiJI5 3 3©-g|5£gfci}£-tiT. nfiltgiLTT 
i @@5 4 O&mi+Ztmz, pgGaND>?^hI 
5 3 9±l;:lipfl9fMSi: UT*gWjb<3/zm©N i @&5 
4 1 $rWL[ftz(D*>. K^-f • >>/&fli UTftiSSf 

®t«c-i.PE3R|L/»<7 0 O/imtfeS- fcf©¥frfci«ffi£ 
W>f£-r% Z £ li«fc oTM Q W^lft b -If tf^&T & „ 

[0 3 9 8] 3©*$gW©S81 7©||jMi©}fJ®l3fcH>T 

nm*>1tl;:UTU£©7:. *-v U 7©>±A$**ft<aJc#£ 
*U ^txlCJ^T** 'J7'©:T<153-}iA£fc<Tc:i:/>< 

[0 3 9 9] C©S§-&*. /tUT^ODIK^©^ 

<blc:J:i.M<£M)ai*&*J%ic:ifiJffl-r-5fci&lc(±, i\*)T 
M<DW-£$lZ nmJiTFi: Ls InGaNA^&S 
^U7lffll njfif$tt£0. 0 4W±l3r-i>Ctlc:<fco 

* £ «fc *> -5 C: £ A<7? # -5 0 

[0 4 0 0] ULt. *SglB©Sg 1 6X1/^1 7©fSjj£© 
JKISIftWlT^t^ *^|i±|g©^1 6&Z/gn 
7 ©fSJffi©JfcJi§©*8j£l3Pg£;ftSfc©T(*& < . 09x 
I*. ^1 6»V^1 7©H*£©ff^|dfct\T<i-> £-Sfi 

h G a o is W/ I n o oi G a 
o.ii Nfre>ScSMQWttijt£|SfflLTU£Jb<, 
£>&gl3fSi;T>gJltt£A 1 . G a, In.-,-, N (0 
gx< 1 x 0< y g 1 ) ©teHrtTrgxTfc&U*,©"*! 

©>gHl±£ A 1 . G a i In i-.-i N (O^aSK 0 

[040 1 ] 02 1 7JM02 3£#!8UT. 

/t-"7D-ftJtJi» Hl*, x hD>7D.^I&7 

&Ju&eM£-t*S. *S§Bfl©fg1 8;Rtftg1 9©fUt 
©ffs<g£iftIEf **\ 12 1 &#«aUT*lP^ 

1 8 (ommcDm m © m q w v - v & mm r •& « 
@2 1 0m 

(0 00 1 ) ®. 0]*i x cM£3E®*:f£A7JS 



©6H-Si Cfre>fc*nSSi CSt£6 1 1 ±13, T 
MGa. TMA1 N 7>*-7. **>)71iX£ 
UT©*3t£j£ft;tf;*i: LTfflUfcMO V P E&ICfco 
T. fiEM*&7 0~7 6 0Torr x mil 100 
TorrtU J&HS&fc 8 0 0-1 20 0°C. 09x 
(*. 9 5 O'Cfc UfctflgT. I*50~300nm, 09 
xl*. 5 0 nm©A 1 G aNA»;77§6 1 2£jfcR£ 

[0 4 0 2] SI#*^T. TMGa,7>tr7, K— 
/t>hjghL-CS i H« . SI/, * + 'JT'tf^iiLT* 
f$t£ffil*T. 70~7 60Torr,m 

I*. 1 0 0 T o r r tL> J&Kigjg£8 0 0 — 1 2 0 0 
°C. 09xl*. 9 2 O'ChUfcttfgT. J»£0. 1-2. 
OAirru 09xf*. 0. WfeJ&gtf 5 x 1 0 

"— 1 x 1 0"cm\ 09x(*. 2x 1 0"cm '©n 
£GaNt)T a 1I6 1 3£j&H£-ti:.5o 

[0 4 0 3] 3I£$£UT. TMA1, TMGa. 7>"E 
-7< K-/t>htLTSi H, , Rlfv ++U7/)7 
fcUT©*^^ffltNT> StM*4 7 0~7 6 0To r 
r . 03x1*. lOOTorrtU f£&i&&Z 8 0 0- 
1 2 0 0°C. 09xl*. 9 5 O'Ct UfcttfgT. m$ 0 . 
1-2. Oyum, 09xl*. 0. 5Ftt*aUt«« 
1. 0X10"~1. 0x10"cm\^lt 1. 
Ox 1 0"cm'fl)nSAl in Gain N£^*y KM 
6 1 4 

[0404] 3l£*sOT. TMGa. 7^-7^ 
tfv +^U7'* , Xi:LT©7k3S^ffl^T. fiJlE*&7 
0-7 6 0 T o r r s 05x1*. lOOTorrtUfiE 
8 0 0-1 20 0°C, «H|x«i> 9 3 O o et Ltz 
tt^S-C. m$ 1 0 — 3 0 0 nnru 09x1*. 1 0 0 n m© 
7'>K-yGaN3t*"-< K/16 1 5^fiE^^-tt* 0 

[0 4 0 5] Slt^UT. TMGa, TMIn,7>i 

£E^)€:7 0 — 7 6 OTo r r , 09x1*. lOOTorr 
tU ^SJS&5 5 0-9 0 0°C. 09x«*. 7 0 O'C 
h LfzVtB~C W-£ 1 nm— 1 0 nm. 09x1*. 5 n m 
©7" > K- ^ I n ..oi G a i h N /t "J 7^-e»Si*ti.fc 
^#3—1 0 nm. 09xl*. 4 nm©T> K-^I n 
• is G ao.ii N >^x;i/^$; 2 — 1 OS. 09x1*. 3Sfi£ 

[0 4 0 6] SltgSUT. TMA1. TMGa. 7 >^E 
-7. Rlf. ***)7iiX£LT(DNi ^fflt^T. tft& 
Kt)Z7 0-7 6 OTo r r. 09xl*. lOOTorr 
tU. fiE^jgitfe8 0 0— 1 2 0 0°C. 09x»*. 9 50 
"CfcLfcttfST. f*5~30nm, 09x1*. 2 0 nm 
(D7>K-7A1..,iGa..i l Nil'^ hD>7D7^ 
16 1 7&/S^*-tti, 0 

[0407] 3lt?|&UT. TMGa. 7'>^-7'. 

7tLT©N, €:ffltxT. fiESEA6 7 0~7 60To 
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r r \ man . lOOTorrtU j£&iS&& 8 0 0 
~1 2 0 0°C, man. 11 3 0'CtUfcttfg-Ir. JP£ 

1 0~3 0 0nm,mil 1 0 0 n mT'. **fe*&>it£ 
A<1. 0x10"~5. 0xl0"cm"\mKx 

1. Ox 1 0"cm "'©pSGaNM-f KJI6 1 8£ 

[0 4 0 8] ?|^iUT, TMA1 % TMG a> 7>^E 
—7, ^v>D'(>i'i;izJ|,?nyH,A, RU. 
=¥v*J7iiXtLX(0H, SfflUT, ^REA&7 0~ 
7 6 0 T o r r N Willi. lOOTorrtU 
g£ 8 0 0-1 2 0 0°C. man. 9 5 0 o CfcL/c#<& 
T'.BtsO. 1—2. Ojim.man. 0. 
' 3 F#6»»** t 1 . 0x10"~1. 0x10"cm\ 
man. 2. 0x10"cm'fflpSAlMiGa..ii 
N^7«; KJI6 1 

[0 4 0 9] 3I£^UT, TMGa, 7>=E-7. 

^fcLT©N> £fflUT. fi£:gffi;*j£7 0 — 7 6 OTo 
r r % matt, lOOTorrtU J£^>SJ£& 8 0 0 

— 1 2 o o°c, man. s 3 oxt Lfcttfsr-. m$ 

0. i -2: o/i™. man. 0 . s^mx-. ^Mbm 
jsam . 0x10"— 1. oxi 0" cm', man. 

1. 0x10"cm' , fl)pIGaND>i'^M620 

[0 4 1 0] nSS i CS«6 1 1 OWHRlitt 

nfi'jm&fcLTJpj* 1 OOnmONi 2 1 £1SI* 

^tttir. pSGaN3>^i? hJ16 2 0±l3(ip«3e 
Si: LTS^ 1 0 0 nrtK *gW#3 Aim©N i S&6 2 

2 £181*. ft&IHtLftt? 0 0Mmi:«cS«k-5lC^» 

[0 4 1 1] COtin 8(DSfe5S<7)Jf^lCfctxT(i, Al 
o.u G a. ii Nib^ hD>^D-y^I)!)<7^K-7I 

LfcAbT, «*<7)«k3lCXU 
£ ha>?"o>)/£JI£5. 0x10" cm"'— 5. Ox 
1 0 " c m 'm&O^&WM&G) p§UlT-ffsJ$L/c*g^ 

-So Ga NS#^l3fclt-5T> K-^TftDTOt 

«5ilJ^lix -fettlcl* 1 .0x1 0"cm~ , £tt-Cfc« 
©T?n SHIflDK-yLfc^lZt,. 1. 0x 10" cm 

[0 4 1 2] */cs ±I3<DSg1 8©HJS£©^g||3j3lt4 

*). nm^ea^ ^mny>h--zrmx-mi&Lxi\ 

[0 4 1 3] 0 2 2Mi2 3%r#figUT. 



Bfl©^1 9©HJS©J^fiS©MQW^#U— tfSltt^-T 
*o fcfc, 0 2 2 (a) li, 1 9©Sti£(D«? 

SCDMQ W*m& U -■ tf ©3t«irSil*c»i®0Tfc *) . 
£tz. 02 2 (b) It. MQWJSji^fi^OAVK^'f 

v^^/^TfcOs 02 sn^mom^mr-k 

02 2 (a) #88 

£?. ±tc©S&1 8HJffi©Jf$SSt±<|5l^lI. nISi 
C««6 1 1±li. AlGaNA^/77161 2, nM 
GaNtfcPiSJ/§6 1 3, nSAI GauiN^^v K 
€6 1 4\ 7>K-7GaN3t* - -f KJI6 1 5. Si/. 
MQWiS14i6 1 6£Jf5frrS 0 
[0 4 14] 3I£^UT, TMAK TMGa, 7^ 
-7. t7i'*0'<>^yi-JI,?ny'>A, Sl/x 

7 6 0 T o r r N 0S;U£. lOOTorrtU fiSJIS 

g*8oo~i 20 o°c, man. 9 5 o°cfc Ltttig 

-C, TMA1 SOA^^^ICS^I'ltftO^iirTJp* 1 
— 2 0nrru man. 1 0 nm7r. =f***!l28&/)< 1 . 0 
x10"~ 3. 0x10"cm\«)ill 1. 0x1 
O'^rn'OpS/yu-^y KAlGaNI6236)5 
MtSit. '&l\T'. TMA1/TMG Att^fe-^ldLT 
S^1~20nm, 1 Onm"?, Wlfciigtf 

1.0x1 o"~3. oxi o"cm"' v man. 1 . 

0 x 1 0" cm"'©pSA 1 iiiGaii.il N16 2 4& 

JfcHT?, TMAl/TMGAmOiTS 

mmzm'pmtxmz i~2 0nm. man. ionm 

Ts ^ttlfciig&tf 1 . 0x10"~3. 0x10"cm 

'.man. 1. oxio"cm-'a)piyi/-fH- 

Al GaNI6 2 5 £j$ft£-tt. ^*ie>© pS?U-f 
>y KA 1 Ga N16 2 3. plAlt iiGa in NJi 6 
2 4. RV, pi?l/-fv KA1 GaNJ16 2 5i;<t 

[0 4 1 5] ttKli, fg1 8<DHi£(DJfc<gfc£< 

labile:, pSGaN3t^-f K16 1 8, pi? A lt.oi G 
a on N^77K16 1 9, JkV. pSGaN3>^> 
hl6 2 0SIMft^lo 

[0 4 1 6] K^-f • X.y^>yi3<t'? pIG 

aND>^^H62 OS. If pIA 1 o.u G a on N £ 

1 1 <Dg®l3ttnffif|^fc UTif £ 100nm(DNiS 

2 1 Zi&l+Ztmz. pSGaND^^ h@6 2 

o±ic:ii^ ^^jyvtmnzmTzs i o,i6 2 7s 

7>LTp<gi)S®£:UTJp£ 1 0 0 nm<DN i 2 2 

&ISI:>\ tt*ggSSLA<7 0 0Mmtfe*«t5l3^»giJ 
-r-5Ctl3«fcoTMQW^i*U-1fA<^r4o 
[0 4 1 7] ®2 2 (b) 

z.<D*&w<Dmi 9a>nm<Dmm\zt5(.\-cn. phu 

^ho>7D>y^i6 2 6Sv pSyi/-T7 K A 1 G 
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aNI6 2 3, pfiAnuGauiN|6 2 4vR 

tf^ pSi>'U-rv KA 1 GaNI6 2 5l;«t-pTM 

SCttfTtx -?-til3«toT N n^|3*}t\T(iMQW>g 
&M6 1 6&ffif$.-fZ> Ini.nGai.il N/tUT/Bfcp 
S^U-^'V K A 1 GaNI6 2 3 t©R3©S^]gtfQ;b 
G)^$:%f«:<-rc:i:/)<1rf . ^*ilc:<k oT I n, ., G 
a. .i HJVJTmt pS^l/-f7 K A 1 GaNI6 2 

t££ti2>Z£WttU 0 

[0 4 18] p<iai::;fcl*T(ipS!GaN7fc*f'r K 

J16 1 8tpSyu-f-i/ KA 1 GaN16 2 5t(DK 

MGaNit**-f KJI6-1 etp^lz-fv KA 1 Ga 
Nil 6 2 5£©j?®KfcUTt,*-JH;;*rr-5H{a»g 

[04 19] L/ctfoTx pSlH- hD>7D»^I 
6 2 6©jHBH;:fcUTx ^-;HC*ifr-5m(>iPf^h^* 
y >y^6<ff$j££ftfcl\©7:x ^-^CD}±A^*/)<ajcS* 

tlx ; E-*ilc:<fcorsgi6SE«:ffiTrSvit/)<-c^-5o 

[0420] 023 #fiB 

02 31*. p^'U-rvKAlGaNI6 2 3Mp 
Syu-f7 K A 1 GaNI6 2 5 £ISI*£:ii§-&©$*5l 

7=>y KAlGaN16 2 3MpS^U-x'y KA 1 G 
aNI6 2 5£|8l*£c:i:lc:«fc»K et*c7)«|l3. z*-i\ 
-7D-ttI, gp*, N xu^ Yuis-7uv>?m\Z J ?\s 
-=r<!> KJffctSltfclxJg^lCtt-iT, «KimfiE£ffi<T: 

[042 1 ] «cfc. d©ig1 9c7>Hjffic7>ff$fg©!8BJJ|;:fc 
UTIix yu-T9 KJl£fflj$A<-;£©pl2A V..uG 
a hi N@62 4t7)it5ffigic:^ltTt>2)6<. <5J73fr— £© 
*UllS:l:rTfc&Ut,©T:&'K PTJlSlt&^KJt^T 
*-^©>iA^*©&*©*lJg(;fc&lvfc©©x ^U-r 
'y KJf£lSI*^^lcit^T*-;u©>±A$A^/><5St« 

[0 4 2 2] £fc N Jtte©Sft1 9©SI*£©Jfc<gl;:i3<,vC 
li> pSi^ ha>7D7^I2 2 6©^*£<8!Jagjgi; 

/><KSlc:fc& &usg©^ *6«938££Sffl 1)K 
1. 5 x 1 0"cm"'lil± v .fcOWJSlCli. 7 x 1 0" 
cm'lJLt©®^!;: K-:/LT£&Ut,©T-fc9x Z 

omtuzit. ^mntem\z&**-)\,<»>&x®)&<D$m 
j v T(Dffimz£&7t-,- n,o) : £\ii))i$.<D&.m£(Dm 

[0423] ±ia©tgi 9 (Dnfoammiztiif 

ZpmJLUt ha>7Q.)/^I6 2 6^, ±I3©S5 1 8 



©^©JfJfgfcl^lZx T>K-^fcUTt,^<. C 

(D^izits T>v-7fc[zfto*-&o)n9mm&.o> 
<t * * - w£.\$k&o)?m ta>mi5(D^tm^ h 

[0 4 2 4] fefe. ±|B©Sg1 9©H«S©Jf^Zlv/?-© 

mmizn^xt, pam***-* KispSGaN3t*v 

K«6 1 B(Ditt><0lZ7> K-7"GaN3t*V KJIfeffl 
HT«|fiSLTt,&<x £fcx n«^KgS7>K- 
^GaN^V KJI6 1 5 ©ft;b •) CnSG a Npfe^f-f 

KJ§ £ ffl UTffififc LT & U o 

[04 2 5] fet±. *SSW©ff§ 1 8 1 9 ©Sgjfc© 

ff^^lftB^UTis/cA*, *f|Bflli±l2©^ 1 

9<Dmm<Dmm<r>ffimzmt>tiz ! bo)T-itte<. w*. 
it. s i cs«T-tt&<ee*fcisi«ir-y-7 7'f 

leMlfcx (0 00 1) ffi4±Itt5t77-<7Sti!± 
IC. TMGa, 7>tz7s Sl/^ tt'J7*7hlT 

ftEAS7 0~7 6 0Torr^xlt lOOTor 
rfcU 5 0 0°C©J$gSSl3*5Ur N J?£0. 03a 
m©GaNffiig/t'v77lSM*t, TMG 
a. 7 7 >^-7'. 'JT'^^i: UT*^gS:fflt^ 

t, fiEfiSAS7 0~7 6 0Tor r, 09xl£x 100 
TorrtU fikft;ag£8 0 0-1 2 0 0°C, fllx. 
IS. 9 5 O'CfcLfcttfgTx m$0. 1-2. 0>L£m, 
1. 0 (Mn\(DnW.GaHf£mm&f$.M£-tkZo 
[04 2 6] VLfflt, ±ie©« 1 8RXfm 1 9 ©^l*£© 
Bfg©:£ < |5|flllC nIAlmGauiN^7vK 
Jix rifc)GaN7fc7J-r Kl, MQWJStfcJfx xu* h □ 
>Zfay{?m. ptlGaNM-(Ki> pSGaN^ - 
-fKS» pSAlniGauiN^^-yKI, l&lf, p 
SGaN^>^^ hJi£IIH&xe**v*;i/fiJc:g£-tt: 

•So fcfc\ vI©ig-&©XU£ hD>7'D'>i'Ilt *J(S 

[0427] zmmu. vtmmtmmiz. k 

- J:.y5 1 >^(CJ:'3 p^G a NJl^T/pSA 1, „ 
G a. ii N^^<y KSS ^Ifx.y ^>>>-r^ tmz. n 
SGaN^r B ^©-as«:Sai*-ttT. nSGaNffll 
©SttSiSlcT i / Auft^&5 nflWa®£!SI:*--5fcft 
13, pSGaN3>{'^ hffl±<3liX S7-f7tt^PS 
*1-*Si O.JKfe^UTNi/AuA^*;-Sp(W@g 

[0 4 2 8] ±te©^1 8Xlf^1 9©H*£©J^ 

nidfiUTIL frWrnttpyZtemt LT I m .« G a 

N/I nu>Ga..nNA^&iMQWiMIffl 
LTUStf. ! e>^tt--5j^lC*Si;T>gStt4Al. G 
a, I n.-.-, N (0|x<1 , 0<y^1 ) ©gfflrt 
■^:^xTt^.t^t.©Tr^Ox 1^, ^IZfHoTx 3fe73 
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-f KlSl/^ =7 v VM ©>iHtt£ Al.Ga. In 
...» N (Oga^K Ogb£1 ) ©efflrtTgitT 

[0 4 2 9] 0!lx.tfx ±te©!S1 8&imi 9©IUtea) 
&ffil3J3lvCI*« /tUTitUTIilnGaN-SiJH 
iZttUTI nGaN&fflUTU4At, InGaNOftfc 

GaNi£lWiGaNS:flHvT*.&l\fc©-?r£> 
•K ftfCU A 1 GaNl£t\|iGaN$ffl^fc^|;li N 

[0 4 3 0] frlZ. m2 4 TIME 3 0^#IUT, 11/ 
£ h □ >7n v tmo^WWM&L* 7x10" c-m" , tt 

6 0 0°C~9 0 0 4 Cfcr*Cli:l3<t^Tx ft^O^-A 

ffiiffi^-tt*. *^©^2 0©H*fi©ffSffi€:UiWt--5o 
£1\ El 2 4 UT, *&^©SS2 0©fy£c7>Jfc<g 

**\ afc&u-r u-jii^o/uu^fi^-ti/^ (00 

0 1)®. IP*,. c®S:3E®i:-rSA^S©6 H-S i 
C DTagJg/)<4 x 1 0"c'm"'(OnfiS i 
C»ffi7 1 1 ±lc. TMGa, TMA1 x 7> : Er7, 

T0*f^l^tUTffll^cMOVP E$£l3<fc-p 

j&HdE:fc£7 0~7 6 0Tor r x tfgxlSx 100 
TorrtL, fi£H>SJg£ 8 0 0—1 20 O'C. 
If, 1 1 0 0°C£:Lfct*Jg-?N f*50nm~5Atm, 
WiLlf. 3 5 0 nmT% ^^m^^WM&t)< 5 x 

1 0"~1 x 1 0"cm\ 8x 1 0"cm ' 
OnSA 1 in Gam N/t';7?17 1 2 

So 

[043 1 ] ^It^lAT, TMA 1 N TMGa, T>^ 

t UTG>7kf?t£fflUTx f$.mEtt>£7 0 — 7 6 0 To r 
r \ 0S*.l£x 1 OOTorrtU fiJc^jgJgfe 8 0 0 — 
1 2 0 0"C, Willi. 1 1 OO'ChLfcttfSTx 
0. 1-^-2. Omiti, 0Ja.tfx 0. 5 5/imf, 
SKAM. 0x10"~1. 0x10 M cm\m 
If. 2. Ox 1 0"cm"'(0nSAl ...Ga...i N£ 
^>y KJI7 1 3&j&g£-ttS 0 

[043 2]g|ggUT, TMGa, 7^7, K — 
/t>htLTS i H. % RV, ^vVTUXtLTG)*, 
m&m^T. f$.MKt)$:7 0 — 7 60Torr, WiL 
If, 1 OOTor rtU $^££8 0 0 — 1 2 0 0 
°C, fllx.Xx 1 1 0 0°Ct Lfctt®-?:. J?£ 1 0-3 0 
Onm/^xlfx 1 0 0 nmTr. ^J$^)jgj^/)<5 x 1 0 
"~1 x 1 0" cm', mifv 2x10 u cm'©n 
SLGaNytlH KJ17 1 4 & /afrits,, 



[0 4 3 3] ?|f^t\T. TMGa. TMIn, 7> ; E 
=7, *+U7'* , ^i:LT©N. &jgl\T« fifcH 

E*S70~7 60Torr^xl^ 1 OOTor r 

tu< j3.«;a££6oo~9oo o Cx man. 7 8o°c 

t LfcttfglTx J?* 1 n m— 1 0 n rru 09x(£x 5 nm 
<OT> n..« G am N/tU 7 7 ®T?»K**1./c 

Jp£ 3 — 1 0 nm, WXlt, 4 nm©7> n 
i n Gain N^XJUSS 2 — 1 OS. 0y;L(£x 3/Ij$ 
S^-ttTMQW>Sita7 1 5$:^-r-5o 
[0 4 3 4] ^It^UT, TMAK TMGa, 7>t 

*^UT*^i:LT(DN. fcfflUTx fifcgEE;fefc7 0 — 
7 6 0 T o r r % MiLlf. 1 OOTorrhLx fiEfijg 
g£6 0O~9 0 0°Cx Wxtfx 7 8 0XtU«i 
T?x Jf£5 — 3 0 nm. mi*. 2 0 n mt\ ^HtoiM 
g*<7 X 1 0"cm"'lA±, mz.lt. 1 X 1 0"cm ' 
(Dp' g?A 1 iiiGaoiiNxU? hD^D'y £Jf 7 
1 6£/&il£-t*So 

[0 4 3 5] 3I£g£UTx TMGa. T> : E-T. ¥X 

7tLT©N, fcfflUTx )«lE*S7 0~7 6 0To 
r r N MXlf. 1 OOTorrtL, 8 0 0 

-1 2 0 0-c, mifx 1 1 oo'ctLtzwrn-c 

10~3 0 0nm, Mz.l£. lOOnmT^Pig 
A<1. 0x10"— 1. 0x10"cm\mit 
1. 5x1 0"cm"'©piGaN3t*'-fKi71 7S 

[0 4 3 6] ?|^J^tNT> TMA1 , TMGa, 7^ 

*VU7#7fcLT0N. 4fflt>T. fiE^ff*^7 0~ 
7 6 0 T o r r % miS. 1 OOTorrtL, fiESS 

8 oo~i 2oo°c. mm*, nooxtufett 

^Tr x Jf * 0 . 1 — 2 . 0 Atm. 0jxf£. 0. 55jum 
■C, ^*»iig^ft<1 . 0X10"~1. 0x10"cm 
\ Mz.lt. 1. 5x10"cm'fflpSAlM.Ga 
uiNv7 7 KJI7 1 8^^^-tt.i.o 
[04 3 7] 3l£t«l%T, TMG a. 7>^7, tfT. 

XtLTfflN. fcfflUTx ME*fe7 0~7 6 0To 
r r % Mz.lt. 1 OOTorrtU fiS«>SS«:8 0 0 
-1 2 0 0'Cx mx.\t, 1 1 0 0°CtLfc#«gTx ff* 

0. 1-2. O^m.mit 0. 1 AimTx ^m»m 
^/)<1. 0x10"~1. Ox 1 0"cm\ fSxISx 

1. 5x1 0"cm"'ropSGaN^1 3>y^ hI7 
1 9&f£&£it, Slt^txTx pIGaNfl 

K^7 1 9tB^ttTx ^«0Sg^*«5. 0x10" 
— 5. 0x10"cm\^xlt 1. 5x10"cm 
''•Cs Jf^6<5~ 5 0 nm. Wz_lf, 2 0nirKDp'S 
GaNi2D>^i7 hJI7 2 OSfiER^-li-So &*Jx C 
©^OD^^glix nSf7 1 2 — 7 1 4ICOC.T 
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li, 2/xm/h rtU MQW>£ttJI7 1 5l;^UT 
li, 0. 3/tm/hri:U p'BAIiiGamN 
XU£ ha>7n»y £Jf7 1 6l30ltT«, 0. 9/xm 
/hrtU pS2JI7 1 7-7 2 OldOUTl*, 

2. 6 Atm/h r tf-So 

[0 4 3 8] nIS i CS«7 1 1 Osi®£«f 

t>, Kv-f • I9f>yi;j;!) p' IGaNf2a>^ 
£ h/f 7 2 OTJMpSA l.o.Gaon N^^'y KJI7 

1 8S^tx.yf>yiT, $;LI£, *§/)<4/zmTfS£ 

[0 4 3 9] tftl-T, nIS i CS«7 1 1 (D^SIdli 
N i /T i /AuA»S,fc£nfi!im&7 2 2fci£l:rS£:^ 
Idx p'iGaN^2D>$^H72G±i;it 

i*, mw2(jLmo>7> t-^-iyrttmnzm-tzs i a 

7 2 1 fc^UTN i/T i/Aufr&fc3p<|)fi6i7 2 
3SUI^ ft«gSflLA<7 OOMmfc&aj^KSt^ 
Sijr*3i:lc:«toTMQW^^U--»f/)^fi)c-r5o 

^ h^^-/©*(a)(i <i -1 oo> ijfatL. mm 

Wit (1 — 1 0 0) MtTZo 
[04 40] 02 5#fis 

0 2 5li±fe<Dfj5 2 0<DH«S(DJ&HS<DMQW^f*U- 

Ii3 8 Om ATrfeo/io £7c, 0^ Lfcl>fc<DG>, 4-0 
SIS UfcrtT?©«bM6tt 6 0 0 m AT*. 5 0 0 m 

AZrfcD, ^m^BfKDLIfUfSSjiSTrfc-Se 5 0—1 6 
0 0 m A , 9 0 0 m A Idttts, L-T:*«I C L t UfiE 

[04 4 1 ] C<D1*&, p'SiH'hD>7avi'i 

[5iai©feSfiESXST!^®%JtS LED S? L-TSBfc 
MU£;8teL.fc(DTrx ^©&S£0 2 6;R.T/0 2 
8$:#^UTiJiB^-r-5o 

02 6 (a) Tklf (b) #KB 

026 (b) i*, MfeofrtbizitmLfrmm&yemL e 

D©«lBgflt)»rB0Tfc»?, 02 6 (a) l£±®0 

(0 0 0 1 ) ®, EP*j, cf^iliit 
B B 8©6H-Si C UTiftS/M x 1 0" c 
m 'Qn^S i C*«7 3 1 ±13, mZWO. 3 5 Aim 
^*4«52§Jg/)^$i£«!)2iJg/)<8x 1 O'^m-'ronS 
Al ...iGatn N/1777173 2. mtffO. 5 5 
MmT, ^it^^6<2. Ox 1 0"cm"'fflnSA 1 
MiGai.ii N^7'yK17 3 3 v Jp£ 1 0 0 nmT, 
TOfeftX£«<2 x 1 0"cm '(DnSGaNjfe*--f Ki 
73 4, i?£A<5 n m<D7'> K-T/I n...i Gain N 
MU7JlT#&£;tx7cff£4 nm<07> K-7I nets 
Ga.is N^XJUJI£3Jlj£:g£itfeMQW}Si£JI7 3 
5, J?£/)<2 0 nmCpSA 1 i.u Gam NiU^h 



□ >7D>y^§7 3 6, J?£A<1 0 OnmTr, ^$64^ 
Jg/><5. OxlO"cin' , (DpSGaN^KI73 
7,Jp£/)>0. 2AtmT, ^**«Ijg*><5. 0x10" 
cm"'(DpSA 1 iiiGaiii N^^-y KJI7.3 8, m 
£#0. 1 MmT, :fttflriftftft<5. 0x10"cm-' 
0pIGaN«1 D>j'^H7 3 9,I^tf20nm 
T« TOHiliftKtfl . 5x1O"cm"'0p'IGaN 
m 2 zi >> hJI 7 4 0 £«i;i,i««:*-t>a „ 
[0 4 4 2] nMS i C««7 3 1 (D^0tli 

N i/T i/Au^e,fc.&nfii|H&7 41 ^rlSI^^ i: t 
p'iGaNf2D>^^H7 4 0©tIl:li 
B&IE^JfcCDrePgPfcfrf 4 SiO.K7 4 2^LTN 
i /A uA^fcS*£tWmti7 4 3£|gl:>-, ^©JgEBIc: 
N i /AufrS,1tZtf>f ! 4 >y/t<y K7 4 4 digits 
Ctlc:«toTp«4lig^»fi!ct-*o kifc, *SWflS7 
43^lTa^TUSp , SGaNf2D>i'* hJl 
7 4 0©^lt3 7Mm^TfcO, S!l^t$Sli3 
0 Oyum^TfcSo 

[0 4 4 3] ;©S4\ ilMILED^, pSAl 
iuGat.il Nil/i' bn>7ay5f§7 3 6<7)Mgig 
££0~2 x 1 0 ,, cm , <D&ISTg{b 
Id, pMA 1 o ii Gao n NxU£ hD>7"a <y £JI7 
3 6 7 8 CC^tf 1 1 0 0°C© 2 -s>(DjSJ& 

Id LTJSItJ&K&froTco 

[0 4 4 4] OUT:, ^©«IJ§*IL E Did, ^iZ 
fcUT, *s1 0 0m ST, mm&ffl kH zCD/t^^fi 
SK&MAfiC 1 OOmAJimU, #2Bflfg7 4 3^& 

£3IL-T#3teU 3fem^fgg(c:«kO«,ajT-Sci:l3<t 

[0 4 4 5 J 0 2 7 #88 

0 2 7I*, ^0fl3tSL E DiiLT, S£*©l3,(*Tfc£ 
xu$> n >zra >y i>m<DMgm&1)< 5 * 1 0" cm"' 
T?, J^JISttAtl 1 0 0°C<Dt#Nfc, ^{4Trfc4xU 
^7 ha>XQ.y^7^CDMg;gg/)<1 X 1 ©"cm 'Tr, 
fi)t^jeA<7 8 0'C<Dtmt(DMfe&m&tt&Ltz s b<D 
T-tbZo 0^6^&^&«t?ld, S9i^lc:j3txT, In 
GaNfrkfc-SMQ WJSttJl 7 3 5 t75^3tm toMTfe 
* 4 0 0 n miff^cD&ftSitJgtftelSIZSii < «:^>Tfc •> , 
Settle LT*5j 1 0(g(d«:oTt^?.o 
[0 4 4 6] ^^^*lfe^^K7)LEDl3t^t^TI±, 
3 6 3 nm&t-^l::LfcpSGaN3t**'r Kg 7 3 7 
©»3tA<#ft1--5A<, SffsfettOL E DldfcUTIi, 
ttJl*CDfe%tfl££:^£:k&4v*\ Cl(D3fcA>e>, pS 
GaN^t^j'f Ki 7 3 7 ^*-/t-7 □ - t 5if tfi 

[044 7] 028 (a)#I 
028 (a) li, InGaNfr&^MQW>mi7 3 

0*^^"?,^J;-?I3, 7 x 1 0"cm"'ia^«ldU 
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